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1  Introduction 
 
This thesis focuses on the relationship between non-specific indicators of stress 
and stature, considered to be a non-specific indicator of health, in a post-Medieval 
Dutch skeletal collection from Middenbeemster. “Non-specific” is used to 
indicate markers that show some kind of stress, without indicating a specific 
cause. Growth and stress are closely related (Ribot and Roberts 1996). Since 
indicators of stress and stature are all non-specific, these cannot show the exact 
status of health of an individual during childhood. However, we are able to 
research if the occurrence of these indicators of stress coincide with a difference 
in stature in order to investigate if changes in stature do not only occur for a 
genetic reason but also due to health differences and how this is related to the 
occurrence of non-specific stress markers.  
1.1  Stature 
 
Stature has been estimated accurately for skeletal remains for some time (Trotter 
and Gleser 1958; Trotter 1970). It has been used in studies of stature over time (G. 
J. R. Maat 2005) and also as a non-specific indicator of health (Lewis 2002; Maat 
2005; Steckel 1995). For example, stature was used to reflect health in the book 
by Wintle (2000). The author mentions that health seem to have improving after 
1857, since military records show that less and less men were rejected for the 
army due to small stature. In the 1800s, it was already remarked that public health 
was related to the living height of the people of the Netherlands. Zeeman (1861) 
showed that the availability of rye and a marker of the nutritional status, was 
related to the height of men of exactly 18 years old, recorded for the draft in the 
province of Groningen.  
Katzenberg (1992, 27) states that “Stature is indicative of adaptation in that 
populations undergoing stress during the period of growth and development may 
fail to reach their genetic growth potential”. Steckel (1995) agrees that genes are 
important for the height of an individual and when looking at averages across 
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populations, stature reflects the status of the health of a population. Steckel (1995) 
also indicates that stature shows inequality in nutritional status. 
Neves and Costa (1998) say that stature in adults reflects the environmental 
conditions during their subadult life. Growth is not only related to nutrition (Huss-
Ashmore et al. 1982) but also to several other factors such as work and disease 
load during childhood (Neves and Costa 1998). During a disease episode, caloric 
intake is probably lower and this can result in a slowing down or stop of growth. 
Such a moment may result in the formation of a non-specific indicator of stress. 
After this, the child can regain its genetic growth curve if it has a period of 
increased caloric intake and undergoes ‘catch-up growth’. When this is not 
available, the child will not regain its normal growth curve (Tanner 1992). 
1.2 Non-specific indicators of stress 
 
Research on non-specific markers of stress has been extensive and has been done 
for over a century (Hillson 2003; Papageorgopoulou et al. 2011). Much progress 
has been made but there are still debates about enamel hypoplasia, Harris lines 
and cribra orbitalia, the indicators used in this thesis. Enamel hypoplasia are 
defects in the enamel of the teeth (Hillson 2003), cribra orbitalia is a porotic bony 
lesion of the orbits (Walker et al. 2009), and Harris lines are transverse 
radiopaque lines found in the long bones, especially the tibia (Papageorgopoulou 
et al. 2011). Cribra orbitalia and Harris lines reflect stressing events of the whole 
childhood, enamel hypoplasia mostly of the first seven years of life, as childhood 
is when the tissues such as bone and teeth form. 
1.2.1  Harris Lines 
 
Harris lines were first described as transverse radiopaque lines in long bones in 
the early 20
th
 century (Harris 1933). Radiopaque lines are light colored lines in the 
bone on X-rays (figure 1). They are most found in the tibia, especially the distal 
part. The tibia is often selected for several reasons. Alfonso et al. (2005) give four 
different reasons: 
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1) It has proven to be one of the most reliable bones for the detection of 
Harris lines. 
2) It shows minimal fading of Harris lines. 
3) It is the most commonly used bone, which allows for comparisons with 
other studies. 
4) It presents nearly horizontal non-convoluted epiphyses whose shape does 
not significantly distort the geometry of a transverse line in relation to the 
plane of the X-ray. 
As well Mays (1995) mentions that Harris lines are most visible on the end of 
bones that grow rapidly, of which the tibia is one. Sometimes Harris lines are also 
called growth arrest lines, referring to their possible etiology: the lines are thought 
to reflect temporary arrest of longitudinal growth due to stresses such as 
malnutrition or illness (Papageorgopoulou et al. 2011).  
 
There are two theories on the etiology of Harris lines: the lines appear because of 
stopped or slowed growth (pathological theory) or they are formed due to varying 
rates of ossification during growth (physiological explanation) (Alfonso-Durruty 
2011). Although the lines also appear during periods of health, the pathological 
theory gained much popularity in both clinical (Garn et al. 1968; Gindhart 1969; 
Park 1964) and paleopathological studies (Hughes et al. 1996; Mays 1995). Some 
causes are said to be rickets, vitamin deficiencies, malnutrition, and  infection 
(Alfonso-Durruty 2011).   
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Figure 1 Harris lines in a tibia X-ray (indicated by the white arrows) 
(Papageorgopoulou et al. 2011, 383). 
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Debate on Harris Lines 
 
A problem with Harris lines is that continually stressed people may not have 
visible transverse lines. The individual has to recover from the stress in order to 
produce a line (Lewis and Roberts 1997). Harris lines may sometimes also 
disappear because of remodeling of the bone. In young children, the metabolic 
activity is the greatest. It slows down but continues into adulthood. This means 
that many lines are removed both during childhood and during adult life (Mays 
1985). The rate at which this happens differs per individual (Larsen 1997). 
Gindhart (1969) notes that there are sex and ages differences in both line 
formation and remodeling. According to Clarke and Gindhart (1981), lines never 
persisted more than 10 years. The reliance of Harris lines assessment thus relies 
greatly on the age selection of the adults. Hummert and Van Gerven (1985) 
studied a Nubian Medieval sample in order to get an idea of the remodeling time. 
The longest lasting line was indeed 10 years. They also concluded that there was 
“interpopulational as well as individual variations in rates of formation, 
persistence and loss of transverse lines” (Hummert and Van Gerven 1985, 305). 
Other than that, the use of Harris lines as an indicator of stress is highly debated. 
In the literature, Harris lines are mostly described as lines of arrested growth. 
They are thought to represent periods of stress where energy was put into healing 
of the body instead of growth, thus the growth stops. After this episode, growth 
starts up again but it leaves a dense, opaque transverse line in some bones 
(Roberts and Manchester 2010). Growth arrest needs to be complete (or near 
complete) to cause line formation, only slowing of growth will not produce the 
line, but merely a diffuse area of slightly thickened trabeculae (Park 1964).  
Thus they are in fact ‘recovery lines’ (Roberts and Manchester 2010, 240) or 
‘growth recovery lines’(Larsen 1997, 40). This theory does include the fact that 
not all Harris lines are related to illness or other stresses, as proven by Marshall 
(1968). He conducted a study of Harris lines on 165 children with known medical 
history. In 85% lines were formed during the period of inoculation or illness. 
However, in 68% of the individuals, a line was formed during a time with no 
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inoculation or illness. The association of the lines with growth zones and their 
presence in both side of the body (e.g. left and right tibia) indicates that they are 
connected to systemic physiological stress (Larsen 1997). 
Recent studies have focused on whether illness and Harris lines are truly related. 
Most have shown no association between illness and Harris line formation 
(Alfonso et al. 2005; Papageorgopoulou et al. 2011). Some studies have even 
suggested that Harris lines are a result of normal growth (Alfonso et al. 2005). In 
the study by Papageorgopoulou et al. (2011), the Harris lines age distribution 
shows a great similarity to the long bone growth curve and growth hormone 
secretion curve. The researchers therefore suggest that Harris Lines are probably 
related to physiological growth process that sometimes may be intensified due to 
strenuous environmental circumstances. Alfonso-Durruty (2011) found Harris 
lines in rabbits in the absence of nutritional stress but in times of growth, which 
supports this theory. Lewis and Roberts (1997, 583) mention that in clinical 
studies, diseases are only followed by a line in 25% of the cases. In 10%, lines 
occurred when no illness was recorded.  
1.2.2 Enamel hypoplasia 
 
Enamel hypoplasia are defects in the enamel caused by growth disturbance. 
Several form exist: furrows, bands, pits, and larger exposed planes of enamel 
(Hillson 2003) (figure 2). Linear enamel hypoplasia is characterized by a (near) 
horizontal area of decreased enamel thickness (Goodman et al. 1980). It was first 
described 250 years ago, by pioneer Bunon (1746) in Paris hospitals, and it was 
gradually researched more and more in the 20
th
 century. It was first used in 
physical anthropology in the 1970s. During this time, it was discovered that 
elevated temperature, vitamin deficiency, childhood infection, and malnutrition 
could be cause growth disturbance leading to enamel hypoplasia (Hillson 2003). 
The advantage of enamel hypoplasia is that, unlike Harris lines, the defects do not 
remodel and thus form a permanent record of stress (Lewis and Roberts 1997). 
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The mechanisms behind the formation process of enamel hypoplasia are not yet 
fully understood (Hillson 2003) but it is accepted that the defects are related to 
periodic physiological disruptions of enamel secretion during the development of 
the teeth (Ritzman 2008). Enamel starts with enamel-forming cells, the 
ameloblasts, which line up opposite of dentin-forming cells (odontoblasts). First 
the cusp is formed and later the crown, the lateral enamel: see figure 3. Enamel 
defects are formed when the function of the ameloblasts is temporarily disrupted. 
Defects on the cuspal enamel can only be seen in a histological section of the 
tooth; defects in the lateral enamel can be seen as (linear) enamel hypoplasia 
(Ritzman 2008).  
 
Figure 2 Forms of enamel hypoplasia (Ogden et al. 2007, 964).  
 
 
 
Figure 3 Incisor depicting cuspal and lateral enamel (Ritzman 2008, 349). 
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Enamel defects reflect stresses in the body of a child up until seven years of age. 
The crowns of the teeth develop in an overlapping sequence that starts just after 
birth for the first permanent molar and ends around the sixth to seventh year of 
life for the second molar. The third molar is then still forming and could as well 
be used but the growth of the third molar crown is unpredictable, thus it is often 
not used in analyses of timing the defects (Hillson 2003). Recently, histological 
studies have shed some light on the third molar development. Reid and Dean 
(2006) used histology to get a more accurate time of formation of the third molar 
by counting daily enamel cross striations. They argue that the third molar cuspal 
enamel formation takes place between 9,3 to 11,4 years of age. 
 
It is not fully understood why but many of the enamel hypoplasia defects are 
formed between two and four years of age. For some populations, this fits the 
weaning period, thus the defects are sometimes attributed to the transition 
between breast milk and solid food (Lewis and Roberts 1997). Strong critique on 
this weaning hypothesis has been written by Katzenberg et al. (1996). This review 
shows that although the peak of enamel hypoplasia coincides with weaning, there 
is little evidence that weaning is the major cause for this peak.  
Another theory is that children in this age period are more susceptible to 
environmental disturbances (Lewis and Roberts 1997). However,  it may be 
because this period of time is when the majority of the incisors and canines form.  
1.2.3 Cribra orbitalia 
 
Cribra orbitalia (CO) is mostly studied with the similar porotic hyperostosis (PH), 
which occurs in the cranial vault. They are amongst the most commonly 
documented pathological lesions in skeletal collections (Stuart-Macadam 1992; 
Walker et al. 2009). These two conditions are both porotic lesions of the cranial 
vault and orbital roofs (see figures 4 and 5) and are thought to have similar causes 
(Walker et al. 2009). The term porotic hyperostosis was first introduced by Angel 
(1966), at the time also including cribra orbitalia. Since the 1950’s, the accepted 
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cause of these lesions is anemia as a result of malnutrition, chronic blood loss, 
parasitic infection, or an increased pathogen load. The latter has been suggested 
by Stuart-Macadam in 1992 and has been subject of many investigations. 
Malnutrition, chronic blood loss, and parasitic infections all cause a loss or 
deficiency of iron, and  infections  can stimulate the immune system to withhold 
iron as a defense mechanism again pathogens (Lewis and Roberts 1997; Stuart-
Macadam 1992; Walker et al. 2009). 
Cribra orbitalia and porotic hyperostosis are caused by the expansion of the diploë 
or spongy bone of the skull, in response to anemia. Iron deficiency can lead to 
anemia, as iron is a key element of RBCs. Blood loss is a frequent cause of this 
but iron-deficient diets or iron malabsorption can also contribute. To understand 
the diploë’s response to anemia, an explanation of the mechanism of anemia is in 
order. Normally, the production and destruction of red blood cells (RBCs) is 
balanced. In anemia, there is a distortion of this balance. This can be caused by 
three factors: blood loss, impaired production of RBCs, or increased hemolysis 
(destruction of RBCs), or a combination of these. The body then needs to produce 
more RBCs, which can lead to marrow hypertrophy. In children, the skull and 
orbits are two of the major RBC production sites, which leads to lesions in this 
area. The major productions sites change to other areas of the body in adults, thus 
the active lesions of the skull are only seen in children. In adults they are also 
found but in a healed state (Walker et al. 2009). 
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Figure 4 Porotic hyperostosis on a juvenile skull (Walker et al. 2009, 110). 
 
Figure 5 “Active” Cribra orbitalia in a juvenile skull (Walker et al. 2009, 110). 
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Terminology and etiology  
 
Lewis and Roberts (1997) declare one of the biggest problems with cribra 
orbitalia and porotic hyperostosis to be the terminology. Some researchers refer to 
them as different lesions and others as one and the same but Lewis and Roberts 
say that there is not yet a consistently found correlation between vault and orbital 
lesions. 
Theories arguing that they are one and the same postulate that orbital lesions 
represent a milder version of anemia. However,  the fact that porotic hyperostosis 
frequently occurs in crania lacking cribra orbitalia contradicts this. Another 
possibility is that the two lesions reflect the different reactions to anemia in 
different ages. It is possible that higher rates of remodeling of the cranial vault 
relative to the orbital roof reduce the ability to identify porotic hyperostosis in 
older individuals. However, no clinical data is known to support this theory 
(Walker et al. 2009). 
 
A theory supporting that these lesions have different causes argues that cribra 
orbitalia has been associated with scurvy, rickets, hemangiomas, and traumatic 
injuries instead of the regular iron-deficiency anemia cause of porotic 
hyperostosis (Walker et al. 2009). The before mentioned diseases can produce 
subperiosteal hematomas that can lead to orbital roof lesions (Ortner 2003; 
Walker et al. 2009). CO has also been linked to leprosy, where infection of the 
eyes can lead to blindness of the eyes and possibly to lesions on the orbital roofs 
(Ortner 2003). Oxenham and Cavill (2010) also support the theory that PH and 
CO have different etiologies. The authors argues that PH and CO may represent 
age-related responses to common underlying conditions or that the remodeling 
rate of PH and CO may be different. 
 
The iron-deficiency anemia theory of porotic hyperostosis is a discussion point as 
well. Ortner (2003) argues that anemia is present in many cases of PH, but that it 
may not be the only cause. Thalassemia and sickle cell anemia have also been 
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named as causes but these are rare in European populations. Because of the great 
occurrence of PH lesions, it is unlikely to be only one cause. Infectious, 
neoplastic, and metabolic disease may be implicated in PH (Ortner 2003; Walker 
et al. 2009).  
 
Walker et al. (2009) argue that the marrow hypertrophy found in porotic 
hyperostosis cannot be sustained by iron-deficiency anemia, as the shortage of 
iron would not lead to extra production but to a lower production of RBCs. On the 
other hand, megaloblastic (often due to vitamin B9 and B12 deficiency) and 
hemolytic anemias do trigger marrow hypertrophy. It is argued that children have 
a very small vitamin B12 reserve. If they do not eat meat, their reserves will be 
used much quicker than in an adult. Gastrointestinal infections with nutrient loss, 
diarrhea or parasites can also lead to megaloblastic anemia. This makes a 
convincing case for PH being cause by megaloblastic, vitamin B12 deficiency 
anemia and if this is true, conclusions of many investigations would have to be 
reviewed. 
However, Oxenham and Cavill (2010) believe there is still evidence for the iron-
deficiency anemia as a cause of porotic hyperostosis. They suggest the 
conclusions by Walker et al. (2009) are mostly based on a “misunderstanding of 
the clinical literature concerning the various anaemias and associated 
haematopoietic responses or consequences thereof” (Oxenham and Cavill 2010, 
200) , iron-deficiency anemia does not suppress the RBC production. They do 
agree that other anemia such as megaloblastic anemia may also cause PH but 
more research is needed on this subject before conclusions can be drawn 
(Oxenham and Cavill 2010). 
1.3 Middenbeemster 
 
All skeletal material is from the Dutch site of Middenbeemster. For more 
information on the material, its origin and the historical background of this 
skeletal sample, see paragraph 2.1. 
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1.4 Research questions 
 
Although mechanisms and etiology of non-specific indicators of stress and stature 
are not clear yet, they are the best current way to assess the relative health, disease 
and nutritional adequacy of past populations (Papageorgopoulou et al. 2011).  
Growth occurs only during childhood, as do non-specific indicators of stress, 
which makes them well comparable to each other in order to research the health in 
childhood of the Middenbeemster population. It is important to see if the 
relationship between stress and stature (Ribot and Roberts 1996) is present in this 
Middenbeemster skeletal assemblage. The main goal for this research is to assess 
the comparability of the non-specific indicators of stress in order to make 
recommendations for their use in future research. A second goal is to identify 
which markers are better at indicating health and which are better at indicating 
disease. The importance for this research for the Middenbeemster collection is to 
get a better understanding of health, disease, and dietary shortages within this 
skeletal sample. 
Therefore the main research question is: 
 Does stature correlate with non-specific stress indicator frequency in a 
human skeletal sample from the Dutch post-Medieval site of 
Middenbeemster? 
With the subquestions: 
 Which non-specific stress indicator is most strongly correlated with stature 
and which is the least? 
 Which, if any, of the three non-specific stress indicators are most or least 
strongly correlated with each other? 
 Are there differences between males and females in any of the 
correlations? 
 Are there differences between the age groups in any of the correlations? 
17 
 
 
2 Materials and methods 
 
2.1 Materials 
2.1.1 Middenbeemster  
 
The skeletal sample used in this thesis is from the village of Middenbeemster, the 
Netherlands, in the province of North Holland. It is located in the middle of an 
area called the Beemster, just above Amsterdam (figure 6). It used to be called 
“Middelbeemster”, which literally means the middle of the Beemster. 
Figure 6 Location of the Beemster in red with the A on Middenbeemster (Google 
Maps, 2013). 
The church in Middenbeemster was the only one in the area until 1879. 
Originally, five were planned but only one was built. From the beginning, it was 
decided the church would be given a part of the arable land in the Beemster, 
which made it relatively rich (Aten et al. 2012, 207).  The design was done by 
Hendrik de Keyser and this is why it is often referred to as the Keyser church. It is 
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the oldest building in the Beemster until today (De Jong 1998). In figure 7, the 
location of the Keyser church on the Middenweg 148, in Middenbeemster can be 
seen. 
Figure 7 Location of the Keyser Church (A) in the village of Middenbeemster 
(Google Maps, 2013). 
The construction of the church lasted from 1618 to 1623. First, a ditch was dug 
and the earth was used to create a platform, on which the church would rise. The 
foundations were driven into the ground in 1618 and the construction of the 
church itself started in 1621. It was first used on the 30th of July 1623, although 
the tower was not yet finished. In the end, the tower was completed in 1661 (Aten 
et al. 2012, 208-10).   
The adjacent graveyard was used from 1638 AD to 1866 AD (De Jong, 1998). 
Rich Beemster citizens were first buried inside the church (Aten et al. 2012, 212) 
but most people were buried next to it (Aten et al. 2012, 188) and from 1829 on, 
only the graveyard outside the church was used. A new graveyard on the outside 
of town was opened in that same year. Finally, in 1866 the church graveyard was 
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closed down and the dead were only buried in the graveyard outside of town 
(Griffioen 2011). 
An extension was planned at the southwestern side of the church and a basement 
was going to be built. When planning construction work, under Dutch law, 
archaeological research needs to be done. During the preliminary research, a small 
excavation trench of 3.3 by 18 m revealed 35 graves. Based on this, 250 skeletons 
were expected (Griffioen 2011). However, the eight-week excavation revealed 
approximately 450 graves (figure 8). All of the skeletons were brought to the 
Leiden Laboratory for Human Osteoarcheology for analysis. Most individuals 
were well preserved. All ages and both sexes are represented. 
 
Figure 8 Photograph of the excavation taken from the adjacent church tower 
(Photo from author). 
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2.1.2 The Beemster 
 
Before 1612, the Beemster was a lake called the Beemstermeer (figure 9). It was 
important in the regional economy due to its good fishing waters, especially for 
eel. At the time, eel was one of the most important export products of Holland. At 
the same time, the water was a threat, particularly during storms. Every storm 
broke off pieces of land (Aten et al. 2012, 14).   
 
Figure 9 The Beemster Lake (www.beemsterinfo.nl). 
The best way to control the water was to drain the lake. This had been done before 
with lakes such as the Egmondermeer and the Bergermeer. In 1607, a company of 
fifteen men took the lead and asked for a patent on the draining of the 
Beemsterlake (Aten et al. 2012, 15). The men were merchants from Amsterdam 
and high-ranking officials from The Hague (Aten et al. 2012, 16). With the help 
of 43 windmills (Aten et al. 2012, 43), the water was drained in the years 1608 to 
1612 (Aten et al. 2012, 13). The Beemsterlake was finally dry on the 18th of May 
1612 (Aten et al. 2012, 24).  
Use of the new land 
 
Historical sources indicate that in 1632, 20% of the land was for farming and 75% 
was used as meadow. Some ten years later, the farming land was further reduced. 
Most of the people in the Beemster at the time were cattle farmers, raising mostly 
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cows and sheep for milk and meat. The milk was used for the famous Beemster 
cheese (Aten et al. 2012, 55-7). 
At the beginning of the 18
th
 century, several disasters hit the Beemster farmers, 
such as severely cold winters, problems with the dikes, and rinderpest. There were 
several outbreaks of this cattle plague in the eighteenth century (Aten et al. 2012, 
55-7). Only towards the end of the century, farmers started to recover (Aten et al. 
2012, 61). In the mid-nineteenth century, the Beemster farmers were needed to 
feed industrialized England, as it could not provide any more for its own food. 
Meat production became more common in the Beemster (Aten et al. 2012, 62).  
Around 1870, trade was globalizing. The Beemster farmers had strong 
competition from Australia for the sheep and America for the cheese. This made 
the focus shift more to breeding cows. It stayed that way until the end of the 
1800s (Aten et al. 2012, 68).  
Cheese and crops 
 
Cheese has always been one of the most important products made in the 
Beemster. This long standing tradition can be traced back to the beginning of the 
Beemster. The cheese was made at home and was specifically the work of 
women. The strenuous work was taken over by factories at the end of the 
nineteenth century (Aten et al. 2012, 83).  
Next to the cheese and cattle, farming land made up only a small part of the work. 
Many parts of the soil in this area were too wet to grow crops. Often farmers had 
both cattle and crops, but none had only crops. The farmers would switch to crops 
in order to survive when ranching was not favourable, for example during an 
episode of rinderpest (Aten et al. 2012, 101). 
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Health and death  
 
Until the 18th century, health of the people in the Beemster depended on one 
midwife (‘vroedvrouw’) and one surgeon (‘chirurgijn’). The midwife assisted 
women during birth while the surgeon performed tasks such as setting fractures, 
pulling teeth and, from time to time, an amputation (Aten et al. 2012, 269). The 
surgeon was not a trained doctor but since the nearest medicinae doctores lived in 
Purmerend, the surgeon was the only person in the Beemster people could turn to 
with health issues.  
In the nineteenth century, health care was expanded with a university trained 
physician, probably due to the many epidemics. Cholera was one of the largest 
epidemics of the 1800s. The first cases around the Beemster occurred in 1849 and 
again in 1854 and 1866. Other diseases occurring at that time were diphtheria, 
scarlet fever, measles, smallpox, whooping cough, and typhoid fever (Aten et al. 
2012, 270). 
Health was poor at the beginning of the nineteenth century, infant mortality was 
especially high (Wintle 2000, 12). Fevers were more or less endemic, there was 
often a shortage of food and there were regular epidemics of smallpox, measles, 
influenza and widespread chronic illnesses to the digestive and respiratory 
systems (Wintle 2000, 40). ‘Reclamation illnesses’, a combination of very 
contagious fevers with high death rates occurred in areas of waterlogged grounds, 
such as the Beemster.  
Measles and scarlet fever particularly affected children at the turn of the 
nineteenth century. Malaria was endemic in the coastal regions of the Netherlands 
and in Middenbeemster (Wintle 2000, 49). Smallpox affected and killed mostly 
children, particularly in the cities. During the nineteenth century, epidemics of 
these diseases appeared in the Netherlands every few years, causing peaks of 
mortality rates (Wintle 2000, 50). Between 1830 and 1870, people’s health and 
diet were “relatively deficient” (Wintle 2000, 42).  
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Life expectancy before 1870 was around 35 years old for both men and women. 
In two studies performed in the eighteenth and nineteenth century, diseases of the 
digestive and respiratory systems seem to have been the leading causes of death at 
the time. Especially the decline in digestive diseases made for the decline in death 
rates between 1850 and 1900 (Wintle 2000, 47). 
Water and mortality were related in the Netherlands. Poorly drained areas were 
dangerous in terms of drinking water. The water was contaminated with animal 
and human waste and spread many diseases. These areas, such as 
Middenbeemster, had mostly brackish water, which is also the perfect breeding 
ground for larvae of mosquitoes, which can carry diseases like malaria. This is 
also the reason why malaria was an endemic disease in the Netherlands before 
1870 (Wintle 2000, 16-20).  
The quality of medical care was refined and improved from the 1860s onwards 
Doctors and nurses underwent a professionalization process, with the rise of 
education and exclusive medical clubs. (Wintle 2000, 43).  It became possible to 
produce quinine in the Netherlands, bringing down the amount of malaria cases. 
Mortality decreased after 1870, probably due to these improvements in health care 
but also due to better food supply and improvements in the public-health 
environment (Wintle 2000, 13-4). 
Nutritional status  
 
The diet of the Dutch was quite varied in the nineteenth century. Potatoes and 
bread were the major food products because rye and potatoes were the cheapest  
nutritious crops available (Wintle 2000, 64). People would sometimes eat 
vegetables, fruit, and milk but they almost never ate meat (Wintle 2000, 59). 
Although this seems quite adequate, most people had a “mild chronic case of 
malnutrition” for most of the nineteenth century (Wintle 2000, 60). 
Crop failures had influence on peaks of death rates. Some examples of crop 
failures are those of the potato in 1816 and the mid-1840s and of grain in 1817. 
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Every once in a while, regional crop failure lead to bad nutritional circumstances 
but this could be remedied with food from other parts of the country. The most 
dangerous crop failures were those where the whole country and/or adjecent 
countries were affected. An example of this is the European potato blight of 1845. 
This blight was especially difficult to survive since it was followed by a rye 
infection in rural areas such as the Beemster (Wintle 2000, 52-3). 
Stress in Middenbeemster 
 
Before the 1870s, health in Middenbeemster was poor. Everyone was somewhat 
underfed, some diseases were endemic and many epidemics occurred. As most of 
the population we are looking at died in 1829 to 1866, most of these individuals 
will probably have been affected. It is to be expected that most individuals were 
stressed, either by disease or by malnutrition and that this will show in the skeletal 
record.  
2.1.3 Selection of the skeletons 
 
For the purpose of this thesis, selective focused sampling was used. Since not all 
skeletons have been analyzed yet, the selection was made from the approximately 
180 that had been analyzed as of January 2013.  
The first selection was made on age. Remodeling of bones during life affects the 
number of visible Harris lines, especially if these lines were formed at an early 
stage of  life (Papageorgopoulou et al. 2011). It is essential to select younger 
adults, to decrease the chance of missing lines because they have remodeled.  
The same is true for cribra orbitalia. The major productions sites for RBCs are 
located in other areas of the body in adults, thus the active lesions of the skull are 
only seen in subadults. In adults they are also found but in a healed state (Walker 
et al. 2009).  
Enamel hypoplasia does not heal or remodel but enamel crowns can be worn 
down during life. To prevent dental wear from affecting the data, younger 
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individuals are preferred. 
For the final criterion, stature individuals with fused long bone epiphyses are 
needed to estimate stature. This all results in a preferred age range young adults. 
As well, for this analysis fully formed crowns are needed so the lower limit of the 
age range is set at eighteen. The age range chosen for the selection of the 
individuals is thus 18-35 years old. Originally, 15 to 18 years olds were included. 
However, to get a correct estimation of stature, sex was needed. As sex estimation 
in subadults is very much debated, they were finally excluded. 
The second selection criterion consists of four parts. The first part is the presence 
of teeth with a minimum of two canines for the evaluation of the presence or 
absence of enamel hypoplasia. All other teeth are not essential but can be very 
helpful. Canine teeth are most used in assessing enamel hypoplasia because they 
are the least lost postmortem and they show less attrition than molars. As well, 
canines have six year or more to form, so the enamel represents a large part of 
childhood (McHenry and Schulz 1976). The second part is the presence of a tibia 
for the assessment of Harris lines. The third part is the presence of a long bone 
from which the stature can be measured, excluding the tibia (see section 2.2 
Methods). This bone can be the humerus, femur, radius, ulna or fibula. The last 
part was the presence of at least one orbit in order to assess the presence or 
absence of cribra orbitalia. 
Finally, it was attempted to select an equal amount of males and females. As well, 
skeletons with diseases or malformations that influence stature were excluded. 
These diseases or malformations are tuberculosis, syphilis, rickets/osteomalacia, 
severe scoliosis, bending deformities or fractures of the lower limbs. 
2.1.4 Sample 
 
A sample of 37 individuals was thus selected. Thirteen were early young adults, 
18-25 years (35,1%) and twenty-four were late young adults, 26-35 years 
(64,9%). In this sample, eighteen were female (48,6%), one probable female 
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(2,7%), sixteen male (43,2%) and two probable male (5,4%). All individuals are 
listed in appendix A, along with the recorded features for each individual. 
2.2 Methods  
2.2.1 Analysis of the skeletal material 
 
In the determination of the skeletal material an inventory of all skeletal parts, 
including the teeth, was made (presence/absence). Metrics were measured 
according to the Standards for Data Collection from Human Skeletal Remains 
(Buikstra and Ubelaker 1994). Stature was measured with several methods, 
including Trotter (1970), Trotter and Gleser (1958), Ousley (1995), and Wilson et 
al. (2010). For males and right side only, Breitinger (1953)was also used. Non-
metric traits, age-at-death and sex were assessed with methods such as Buikstra 
and Ubelaker (1994), Finnegan (1978), Phenice (1969) and the methods of the 
Workshop for European Anthropologists (1980). Finally, a detailed description of 
all pathological lesions or anatomical anomalies was made. 
2.2.2 Stature  
 
In this thesis, the method by Trotter (1970) was used for stature estimation. This 
method is the most commonly used method in physical anthropology to estimate 
stature, which makes this thesis comparable to many other studies. The sample for 
this method were World War II casualties for the white males and the Terry 
collection for white females, used in the first method from 1952 (Trotter and 
Gleser 1952). This was reevaluated with male Korean war dead (Trotter and 
Gleser 1958) but in 1970, Trotter affirmed that the World War II casualties were 
still a good sample for white male stature. The Terry collection is an anatomical 
collection consisting of cadavers from the US that were never reclaimed. 
Arguably, this collection and the World War II casualties can be used as a 
surrogate for a European population, as most whites in the US will be immigrants 
from this part of the world.  
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For this method, one of the long bones is measured. Here, the right was taken, 
unless it was unavailable or eroded. With use of a regression formula, the stature 
is then calculated (table 2).  The formula with the lowest standard deviation was  
chosen based on the bones that were present. The tibia is not used anymore for 
stature with the Trotter (1970) method since it has been proven to be mismeasured 
(Jantz et al. 1995).  
Table 1 Stature regression formulae by Trotter (1970) in White and Folkens 
(2005) 
 
 
2.2.3 Non-specific indicators of stress 
Harris Lines 
 
In the assessment of Harris Lines, the distal tibia is most used as this is where the 
lines are best visible (Papageorgopoulou et al. 2011). It also prevents us to count 
lines twice, as distal and proximal lines may show the same event. For each of the 
37 individuals, the right tibia was selected, unless this was absent or postmortem 
damaged. Here, only the presence or absence of Harris lines will be recorded, not 
the age at formation. 
X-rays were taken on a Canon Lanmit CXDI-40C in the department of radiology 
at the Leiden University Medical Centre in Leiden, the Netherlands. All 37 tibiae 
were X-rayed in groups of two to four. The X-ray tube was applied a 50 kilovolts 
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peak. The exposure time was 25 milliseconds. The tube current was 1.2 mAs, 
which is calculated from the exposure time multiplied by the amount of 
milliamperes, which was 50.  
 
The digital photos with these groups of tibiae were first reduced to individual 
photos with the Crop Dicom Tool (version 2011-04-20) by Suter et al. (2008). 
Next, the individual photos were run through the Harris Lines Tool (version 2009-
06-30), also by Suter et al. (2008). This is a semi-automated Harris lines detection 
tool where the presence of a line can be set as a percentage of visibility. Suter et 
al. (2008), used 30% as threshold, after Clark and Mack (1988). Other standards 
used are Garn et al. (1968) and Gindhart (1969), that take 50% as the threshold. 
This thesis will be using 30% as the threshold, as this includes all lines that are 
considered to be Harris lines in the literature. As noted by Roberts and 
Manchester (2010), the use of only lines that are 50% or more, would exclude 
lines that were 50% or more but have started to remodel. Since this sample only 
consists of adults, remodeling is a realistic scenario. 
The advantages of the use of this tool are the reduction of inter- and intra-observer 
error and a faster analysis of the tibiae. Grolleau-Raoux et al. (1997) and Lewis 
and Roberts (1997) have both noted that this is an issue when counting Harris 
lines. For an example of the use of the tool, see Figure 10. The tool also removes 
all lines that are curly or non-horizontal (less than 45 and more than 135°, also 
based on Clark and Mack (1988)) and as discussed earlier, the short lines under 
30%. 
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Figure 10 Example of the use of the Harris lines tool (Suter et al. 2008) 
Cribra orbitalia and enamel hypoplasia 
 
Both cribra orbitalia and enamel hypoplasia were recorded as absent or present. If 
present, it was recorded on which tooth or orbit it was. The state of cribra orbitalia 
was also recorded as healed or active. The active lesions have a raised appearance, 
while the healed state have not. In the analysis, the orbits of each individual were 
looked at separately. Conditions such as scurvy and rickets can produce similar 
lesions to cribra orbitalia in later stages of the disease (Ortner 2003). It is less 
likely to encounter these lesions as skeletal markers of these conditions have been 
excluded from the selection. 
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For the enamel hypoplasia, any form (pits, lines or both) or severity (slight, 
moderate or severe) was included as present. As well, it was noted on which tooth 
the enamel hypoplasia was present. The number of affected teeth per type can be 
found in appendix D.  
2.2.4 Statistical analysis 
 
All statistical analyses are performed with SPSS 20 for Windows. To get started 
on the statistical analysis, it was necessary to enter the data into SPSS. The data 
was transformed into numbers. For example, presence/absence of enamel 
hypoplasia, cribra orbitalia and Harris lines was transformed into a 0 for absence 
and 1 for presence. During the stature analysis, the standard deviation of stature 
was not taken into account. It is only mentioned in the descriptives in the result 
chapter.  
For the tests to be successful, the data must be normally distributed. This can be 
assessed by a data normalcy test (for example the Levine’s test for Equality of 
Variances). If the data is normally distributed, the P-value must be under 0.05 for 
the outcome of the test to be significant (when ɑ = 0.05). 
The goal of this thesis is to assess if there is a relationship between the 
absence/presence of non-specific markers of stress and stature and if there is a 
correlation between the different indicators. First, statures of the different sex and 
age groups were compared with t-tests, with stature as dependent variable and age 
or sex as the independent variable. 
In order to compare stature with one non-indicator of stress, a t-test of Mann 
Whitney U-test (for small samples) has been run with stature as the dependent 
variable and the indicator as the independent variable. In order to see if there were 
differences between males/females and EYA/LYA, the t-tests/U-tests were re-run 
with these groups separately. 
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It is also important to assess if there is a difference in mean stature when several 
markers are present. This can be done by coding the presence or absence of 
markers at the same time into number. This can be done on a specific level and a 
non-specific level. By this, I mean the difference between “a marker is present” 
(non-specific) and “enamel hypoplasia is present” (specific). Two ANOVAs were 
run with stature as the dependent variable and the coded indicators, both with the 
indicators at a specific and a non-specific level as the independent variable. Here 
as well, the difference by sex and age was assessed by re-running the ANOVA 
with these separate groups. 
Finally, the presence or absence of one marker was correlated to the presence or 
absence of another marker with help of the bivariate correlation function of SPSS. 
Two markers were correlated at a time and again, the difference between males 
and females and EYA/LYA was assessed by re-running the tests in the groups 
separately. 
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3 Results 
 
In this chapter the results of the study will be presented. For the results, males and 
probable males have been grouped together, the same was done for the females 
and probable females. This was done because it increases the sample size which 
strengthens statistical comparisons. 
3.1 Stature  
 
The average stature for all 37 studied individuals is 166,01 cm ± 3,43 cm. The 
average stature of the males/probable males is 171,69 cm ± 3,27 cm and the 
average stature females/probable females is 160,01cm ± 3,43 cm. There is a 
difference of 11,69 cm between males and females. A t-test shows the difference 
between male and female stature is statistically significant (t = -7,058; p=0,000). 
Thus, males are significantly taller than females.  
The tallest individual within the sample is a male, V1003, with a stature of 181,84 
cm ± 3,27 cm. The two tallest women, V952 and V721, both had a stature of 
167,14 cm ± 3,57 cm. The shortest individual is a woman, V730 with a stature of 
152,2 cm ± 3,57 cm. The shortest man is V794  at 160,18 ± 3,27 cm. 
When looking at age, the average stature within the EYA group is 165,08 ± 3,47 
cm and 166,51 ± 3,41 cm for the LYA group. A t-test shows the difference 
between EYA and LYA is not statistically significant (t = -0,533; p =0,598). If we 
split the group in males EYA and LYA or females EYA and LYA, in order to see 
if the division of males and females influence the results, the results stay 
statistically insignificant (males: t = 0,041; p=0,968 and females: t = -0,438; p= 
0,667). Thus there is no significant difference in stature between the age groups. 
3.2 Cribra orbitalia 
 
Cribra orbitalia is present in seven of the 37 individuals (18,9%). Four are male 
(V1503, V561, and V550), two are female (V601 and V806) and one is a probable 
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female (V280). Three are 18-25 years old and four are 26-35 years old. Of these 
seven individuals, six had both orbits present and one only had the right (V1503). 
Three of the six individuals with both orbits had cribra orbitalia in only one orbit 
and three in both. All cases of cribra orbitalia were found in a healed state. The 
seven affected individuals all have enamel hypoplasia and four have Harris lines. 
In figure 11, a picture of healed cribra orbitalia in individual  S149V280 is shown. 
 
Figure 11 Healed cribra orbitalia in the right orbit of individual S149V280 
(showing superior orbit surface). 
 
The average stature is 168,26 cm ± 3,40 cm for all individuals affected by cribra 
orbitalia. A t-test would be the appropriate test to answer whether this stature is 
different from the stature of people without cribra orbitalia. However, since the 
group is smaller than ten individuals, a non-parametric equivalent is used, the 
Mann Whitney U test. This U test shows that the difference in stature between 
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affected and non-affected individuals is not statistically significant (U = 81,5; p = 
0,362).  
The average stature is 174,82 cm ± 3,27 cm for the males with cribra orbitalia and 
159,52 ± 3,57 cm for the females (and probable female) with cribra orbitalia.  
Again, the Mann Whitney U is performed. For the males, the test is not 
statistically significant (U = 15,0 ; p = 0,133). Although not significant, it shows a 
trend of higher male stature with cribra orbitalia rather than without cribra 
orbitalia. For the females/probable females it is not possible to perform statistics, 
as a group of three is too small. We can only say that the average stature of 
females with cribra orbitalia is smaller than in females without.  
For the EYA, the average stature was 170,31 ± 3,37 cm and 166,73 ± 3,42 cm for 
the LYA with cribra orbitalia. Here, the EYA group is too small to perform 
statistics. We can say that the average stature is higher with cribra orbitalia than 
without. The Mann Whitney U test for the LYA shows no statistical significance 
(U = 39,5; p = 0,969) 
In conclusion, in general the stature of people with cribra orbitalia is higher than 
people without cribra orbitalia, however the difference is not significant. When 
dividing the group into males and females we can see that the males with cribra 
orbitalia are taller than those without, but again, this is not significant. The 
females are somewhat smaller but this could not be tested. Within the age groups, 
EYA with cribra orbitalia are taller than EYA without cribra orbitalia and the 
LYA are about the same height with as without. EYA could not be tested and 
LYA had a non-significant outcome. 
3.3 Enamel hypoplasia 
 
Enamel hypoplasia is very common in this sample, 34 of 37 individuals were 
affected, thus 91,9% . The individuals were composed of fifteen females, one 
probable female, sixteen males, and two probable males. In terms of age, there 
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were twelve EYA and twenty-two LYA. Within this affected group, seven had 
cribra orbitalia and sixteen had Harris lines. 
855 teeth were observed of which 263 were affected with enamel hypoplasia, 
30,7%. Teeth of the mandible and maxilla were not evenly affected by enamel 
hypoplasia (table 2).  In this table, the number of affected teeth of one type (for 
example incisors) is divided by the total number of teeth observed of this type. 
We can see that most affected were the canines, followed by the incisors, the 
premolars, and finally the molars. 
Table 2 Percentages of teeth affected by enamel hypoplasia by tooth type. 
Maxilla % of affected 
teeth 
Mandible % of affected 
teeth 
Incisors 46,9% Incisors 40,4% 
Canines 56,1% Canines 58,0% 
Premolars 29,4% Premolars 26,6% 
Molars 11,6% Molars 7,7% 
 
The defects had different forms: lines (often called linear enamel hypoplasia), 
pits, lines and pits and plane form defects. Figures 12, 13, and 14 show examples 
of the kinds of enamel hypoplasia that were found during this research. Thirty-
four individuals had lines, seven had pits and lines, and eight had pits. Three 
individuals had plane form defects. This number does not equal 37, as some 
individuals had several types of defects in their dentition.  
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Figure 12 Canine and premolars of individual S110V213, affected with pitting enamel 
hypoplasia 
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Figure 13 (two photos) Mandible of S260V1503, affected with plane forming 
defects, especially on the canines, pits and lines. 
 
Figure 14 Mandible of S369V886 showing linear enamel hypoplasia. 
 
The average stature for the group with enamel hypoplasia is 166,52  ± 3,43cm. No 
statistics could be performed on this sample, as the non affected group consisted 
of only three individuals. The average stature for males and probable males with 
enamel hypoplasia is 171,82 ± 3,27cm. The females and probable females with 
enamel hypoplasia had an average stature of 160,57 ± 3,59 cm. For the EYA, the 
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average stature is 166,16 ±3,46 cm with hypoplasia and the LYA had a stature of 
166,72 ± 3,41 cm with hypoplasia. The individuals without hypoplasia are 
mentioned in table 3. 
Table 3 Individuals without enamel hypoplasia 
Featnr Findnr Sex Age Stature in cm SD in cm 
88 94 F LYA 158,94 3,57 
344 730 F EYA 152,2 3,57 
467 1022 M LYA 169,46 3,27 
 
3.4 Harris lines 
 
Seventeen of the 37 individuals were affected with Harris lines (45,9%). On 
average, there were 2,06 Harris lines per individual with a minimum of one and a 
maximum of five Harris line(s). Of these individuals, ten are female and probable 
female and seven are male and probable male. The affected individuals are 
composed of seven EYA and ten LYA. All had enamel hypoplasia, except for 
one. As well, four had cribra orbitalia. 
The average stature for this group with Harris lines is 164,49  ± 3,47 cm. A t-test 
was run for stature and the presence/absence of Harris lines. The data is normally 
distributed, t is 1,104 and the 2-tailed significance is 0,277, which is not 
significant. 
The average stature is 170,97 cm ± 3,27 cm for the males and probable males with 
Harris lines and 159,97 ± 3,62 cm for the females and probable females with 
Harris lines. A Mann Whitney U-test was run for stature and Harris lines with 
only females/probable females but it is not significant (U = 38,5; p=0,894). The 
U-test for the males/probable males is also not statistically significant (U =33,0 ;p 
= 0,447).  
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For the EYA with Harris lines, the average stature is 166,22 ±3,44 cm and for the 
LYA with Harris lines it is 163,29 ± 3,50 cm. A Mann Whitney U test was 
performed with stature and Harris lines for EYA and LYA. The Mann Whitney U 
test for the EYA is not statistically significant (U = -18,0; p = 0,668). For the 
LYA, the Mann Whitney U test is significant  (U = 36,5 ; p = 0,050). This p-value 
reaches the 0,05 level, thus suggesting a trend whereby the LYAs with Harris 
lines are shorter than those without (as depicted in figure 15).  However, when we 
look at the composition of the groups of LYA with and without Harris lines, we 
can see that the males and females are not equally divided. The LYA without 
Harris lines are composed of ten males and four females, while the LYA group 
with Harris lines is composed of three males and seven females. Knowing that 
females are smaller than males, the results shown here are probably due to the 
composition of the groups, where the group with Harris lines has more females 
than the group without. This is supported by the extra Mann Whitney test run 
between stature and the presence of Harris lines with only LYA females. This test 
was not significant (U = 13,5; p = 0,927). It was not possible to run statistics for 
the men, as one of the groups was too small (three individuals). 
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Figure 15 Stature of LYA without Harris lines against stature of LYA with Harris 
lines  
 
3.5 Non-specific indicators of stress combined 
 
Only two individuals (5,4%) did not show any indicators of stress. Sixteen 
individuals (43,2%) have one marker present of which fifteen have enamel 
hypoplasia and one has Harris lines. Fifteen (40,5%) show two indicators of 
stress, three have enamel hypoplasia and cribra orbitalia, and twelve have Harris 
lines and  enamel hypoplasia. Four individuals (10,8%) have all three markers 
present. 
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Table 4 Number of individuals against non-specific indicators of stress. 
Markers grouped  Specific combination 
of markers 
Nr. of 
individuals 
No markers  2 
One marker EH   15 
 HLs 1 
Two markers EH and  CO 3 
 HLs and EH 12 
Three markers  4 
Total  37 
 
As we are looking for a change in stature with the presence of these markers, an 
ANOVA test was performed with one marker present, two markers present and 
three markers present against stature (‘markers grouped together’). As well, an 
ANOVA test was performed with the specific markers (enamel hypoplasia, cribra 
orbitalia or Harris lines) and the several combinations possible (for example cribra 
orbitalia and Harris lines or enamel hypoplasia and Harris lines) against stature 
(‘specific combinations of markers’). The same was also done for the 
males/probable males, females/probable females, and EYA and LYA.  
First, the results of the ANOVA of stature with the markers grouped together 
(0,1,2, and 3 markers present) with all individuals is presented. F is 1,753 and p = 
0,175, which is not significant. When looking at the post-hoc Tukey test, there is 
no value that is statistically significant. The exact values are listed in appendix B. 
The ANOVA with the specific combinations of markers is also not significant (F 
= 1,398; p = 0,252). 
Within the male/probable male group, one (5,3%) has no markers of stress. Ten 
males (52,6%) have one marker present, all have enamel hypoplasia. Five (26,3%) 
show two indicators of stress, one has enamel hypoplasia and cribra orbitalia and 
four have Harris lines and enamel hypoplasia. Three males (15,8%) have all three 
markers present.  
Two ANOVA’s were performed for the males/probable males. The one with the 
markers grouped together is not significant (F = 0,396; p = 0,758). The ANOVA, 
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with the specific combinations of markers also is not significant ( F = 0,823; p = 
0,532).  
Within the female/probable female group, one (5,6%) has no markers of stress. 
Six (33,3%) have one marker present, five have enamel hypoplasia and one Harris 
lines. Ten (55,6%) show two indicators of stress, two have enamel hypoplasia and 
cribra orbitalia and eight have Harris lines and enamel hypoplasia. Only one 
female (5,6%) has all three markers present. 
Two ANOVA’s were performed for the females/probable females. The first one, 
with the markers grouped together is not statistically significant (F = 0,977; p = 
0,431). As well, the second ANOVA with the specific combinations of markers is 
not significant (F = 0,569; p = 0,723). 
For the EYA, one (7,7%) has no markers of stress. Four EYA (30,8%) have one 
marker present, all have enamel hypoplasia. Six (46,2%) show two indicators of 
stress, one has enamel hypoplasia and cribra orbitalia and five have Harris lines 
and enamel hypoplasia. Two EYA (15,4%) have three markers present. 
Two ANOVA’s were performed for the EYA. The first one, with markers 
grouped together is statistically significant (F = 6,647; p = 0,012). The second 
ANOVA with the specific combinations of markers is also statistically significant 
(F = 4,899; p = 0,027). The results of the changes in stature can be seen in figure 
16 and 17. This shows that individuals with two markers are smaller than with one 
marker. Individuals with no markers are very small and with three markers are the 
tallest. The two individuals with all markers present are two males, thus this may 
explain the tall stature of this group. Not only here but also in some other groups 
the females/males divide was not always even. The group with one marker present 
consists of 2 males and 2 females, while there are 4 females and 2 males in the 
group with two markers present. A similar trend can be seen in the group with 
enamel hypoplasia and the group with enamel hypoplasia and Harris lines. The 
enamel hypoplasia group has 2 females and 2 males. The enamel hypoplasia and 
Harris lines group has 3 females and 2 males. 
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Figure 16 Stature of the EYA (males and females combined) against none, one, 
two, or three stress markers present. 
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Figure 17 Stature of the EYA (males and females combined) against the different 
markers present. 
 
For the LYA, one has no markers of stress (4,2%). Twelve LYA (50%) have one 
marker present, eleven have enamel hypoplasia and one has Harris lines. Nine 
(37,5%) show two indicators of stress, two have enamel hypoplasia and cribra 
orbitalia and seven have Harris lines and enamel hypoplasia. Two LYA (8,3%) 
have three markers present. 
Two ANOVA’s were performed for the LYA. The first with markers grouped is 
not statistically significant (F = 0,351; p = 0,789). As well, the second with 
specified markers is not significant (F = 0,652; p = 0,664). 
Thus, when only looking at the EYA, stature seems to change when there is a 
different number of markers present. All other changes in stature were not 
significant. 
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3.6 Correlation of the non-specific markers 
 
One the sub-questions of this research is whether the presence of non-specific 
indicators of stress are correlated with each other. In order to assess this, 
correlation between the separate markers was assessed. Correlation is highest 
when approaching 1 or -1. Zero means no correlation. As well, the correlation has 
to be statistically significant, thus under 0,05. 
Between cribra orbitalia and enamel hypoplasia the correlation is 0,075 and the p-
value is 0,658. Between cribra orbitalia and Harris lines, the correlation is 0,109 
with a p-value of 0,523. The correlation between enamel hypoplasia and Harris 
lines is 0,143 with p-value of 0,397. All correlations here are quite low but not 
statistically significant.  
The correlations were also calculated separately for males/probable males, 
females/probable females, EYA , and LYA. The results can be seen in table 5. 
Within the group of males/probable males, cribra orbitalia and enamel hypoplasia 
have a correlation 0,122 with a p-value of 0,620. Between cribra orbitalia and 
Harris lines, the correlation is 0,408 with a p-value of 0,082. The correlation 
between enamel hypoplasia and Harris lines is 0,180 with a p-value of 0,461. The 
first and last correlations are low and not statistically significant. The third, 
between cribra orbitalia and Harris lines is not statistically significant but it is 
somewhat higher than the other two. This suggests a possible relationship between 
the cribra orbitalia and Harris lines. 
Within the group of females/probable females, cribra orbitalia and enamel 
hypoplasia have a correlation of 0,158 with a p-value of 0,531. Between cribra 
orbitalia and Harris lines, the correlation is -0,200 with a p-value of 0,426. The 
correlation between enamel hypoplasia and Harris lines is 0,040 with a p-value of 
0,876. All correlations are low and not statistically significant.  
Within the EYA, cribra orbitalia and enamel hypoplasia have a correlation of 
0,158 with a p-value of 0,606. Between cribra orbitalia and Harris lines, the 
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correlation is 0,141 with a p-value of 0,646. The correlation between enamel 
hypoplasia and Harris lines is 0,312 with a p-value of 0,300. All correlations are 
low and not statistically significant. 
Within the LYA, cribra orbitalia and enamel hypoplasia have a correlation of 
0,135 with a p-value of 0,530. Between cribra orbitalia and Harris lines, the 
correlation is 0,076 with a p-value of 0,726. The correlation between enamel 
hypoplasia and Harris lines is -0,051 with a p-value of 0,813. All correlations are 
low and not statistically significant. 
Although the correlations are all not significant, some are higher or lower than 
others. When looking at the general picture, with every individual, correlations are 
very low, which means there is very little relationship. The lowest is between 
cribra orbitalia and enamel hypoplasia with 0,075 (p = 0,658) . 
Within the male group, the highest overall correlation with an almost significant 
p-value is found. It is between cribra orbitalia and Harris lines in males (0,408; p 
=  0,082). Although it is not significant, it is very close and thus suggests some 
kind of an underlying relationship. The lowest correlation found is within the 
LYA group (-0,051; p= 0,813) between enamel hypoplasia and Harris lines. 
Table 5 Correlations of the non-specific markers of stress with each other within 
different groups. 
 All 
individuals 
Males Females EYA LYA 
Cribra Orbitalia / 
Enamel Hypoplasia 
0,075  
(p = 0,658) 
0,122  
(p = 0,620) 
0,158  
(p = 0,531) 
0,158  
(p= 0,606) 
0,135  
(p = 0,530) 
Cribra Orbitalia / Harris 
lines 
0,109  
(p = 0,523) 
0,408  
(p = 0,082) 
 -0,200  
(p = 0,426) 
0,141  
(p= 0,646) 
0,076  
(p = 0,726) 
Harris lines / Enamel 
Hypoplasia 
0,143  
(p = 0,397) 
0,180  
(p = 0,461) 
0,040 
(p=0,876) 
0,312 
(p= 0,300) 
 -0,051  
(p= 0,813) 
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4 Discussion 
4.1 Stature 
 
Maat (2005) reviewed stature for the past two millennia in the Netherlands. This 
was only for males, thus we will compare male stature to his results. The stature 
average for the 19
th
 century Middenbeemster is 171,69 cm ± 3,27 cm for 18 
(probable) males. This is a small sample but it is interesting to see if the stature of 
the Middenbeemster males is similar to the males of the same time. Since most of 
the skeletons recovered from the excavation are from 1829 to 1866, I compared 
them to contemporary samples. City militias from seven cities in 1825 and 1865, 
and citizens from ‘s-Hertogenbosch (1830-1858) fit the time frame. The statures 
are respectively 169 cm, 167,5 cm, and 169,6  ± 4 cm. Stature from 
Middenbeemster is higher. Two other samples from Zwolle and Alkmaar are from 
1725-1828, thus they are somewhat earlier than Middenbeemster but this sample 
could include a few individuals from the Middenbeemster time period. The 
Zwolle males are 172,9 cm (calculated with Trotter and Gleser 1958) and the ones 
from Alkmaar are 170,0 cm (calculated with Breitinger 1937). The different 
statures can be seen in figure 18. For averages, the beginning year was taken for 
the graphic. 
Therefore, the Middenbeemster males were tall for their time. Their stature 
resembles the stature of earlier time periods better than the ones from their own 
time. The differences in stature could be due to the small sample and the selective 
sampling. As well, the methods of stature estimation were different. The city 
militia were taken from live people while stature from ‘s-Hertogenbosch citizens 
was estimated from long bones of skeletons with Breitinger (1937). This are two 
different methods from the one used here, Trotter (1970). 
 
48 
 
 
Figure 18 Stature of males in the Netherlands in the 18
th
 and 19
th
 century. 
Middenbeemster is marked by the red dot. 
The rural nature of Middenbeemster and the urban nature of the other samples 
may also have contributed to the difference. Rural and urban people may have 
eaten different foods and may have had better access to these foods, since they are 
the ones producing it. As well, the diseases in cities may have been different and 
more frequent due to bad hygiene and people living with greater numbers on 
small pieces of land. 
One of the few significant results from this thesis was the difference in stature 
between males and females. The males are taller than the females. This is to be 
expected, as males have a relatively larger body size than women. Although the 
samples for the EYA and LYA were not equal, there was no significant difference 
in stature between the two. 
4.2 Cribra orbitalia 
 
The frequency of cribra orbitalia was 18,9%. A table from Piontek and Kozlowski 
(2002, 205) shows percentages found in adults in Medieval populations from 
Poland. The first population noted in the table is a subadult sample, this cannot be 
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compared to this sample, as cribra orbitalia heals in adults and thus the prevalence 
lowers. 
Table 6 Table from Piontek and Kozlowski (2002, 205) showing percentage of 
cribra orbitalia from Medieval Poland. 
 
Slaus (2000) shows that in a population from the 14
th
-18
th
 century in Croatia , 
27,3% of all adults had cribra orbitalia. A British Roman time sample from 
Poundbury Camp between the ages of 17-25 and 26-35 had respectively 39,6% 
and 24,1% of cribra orbitalia (Stuart-Macadam 1985). All of these percentages are 
higher than what is found in Middenbeemster. Thus there was less anemia in 
Middenbeemster.  
One study from Roman time Croatia (Novak and Slaus 2010) shows an almost 
similar percentage to this thesis when only looking at the 15-35 years old category 
from this article. We can see a percentage of 16,7% in females and 19% in males, 
which fits better with the Middenbeemster percentages.   
The Middenbeemster sample was divided equally between men and women and 
EYA/LYA for cribra orbitalia. Only healed cribra orbitalia was found but this was 
to be expected, as active forms occur only in subadults. All individuals with cribra 
orbitalia have at least one other indicator of stress present. The Mann Whitney U 
test for stature with and without cribra orbitalia was not significant. We can see 
though, that stature with cribra orbitalia is 168,26 cm ± 3,40 cm and without 
cribra orbitalia is 165,26 cm ± 3,44 cm. This is surprising, since the hypothesis 
was that stature would be lower when cribra orbitalia was present, because of the 
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stress endured. This result may have had to do with the small sample and with the 
numbers of males and females. In the affected group there were four males and 
three females in this sample and since the sample is so small and males are taller, 
this can cause errors.  
In the males, the difference between with (174,82 cm ± 3,27 cm) and without 
cribra orbitalia (170,86 cm ± 3,27 cm) is 3,96 cm. In the females with (159,52 ± 
3,57 cm) and without cribra orbitalia (160,11cm ± 3,61 cm) the difference is 0,59 
cm. In males, the stature is higher when they have cribra orbitalia and in females, 
it is decreasing. The numbers in the males are surprising, while the females do 
what is to be expected, they are somewhat smaller with cribra orbitalia present. 
Although it is not significant in both cases because sample size is too small, it is 
interesting to note. Perhaps this can be confirmed with a larger sample size, as the 
significance of the males (p = 0,133) is quite low. The other possibility of course 
is that it cannot be proven with a larger sample, as it really is non-significant.   
Stature in EYA with cribra orbitalia is 170,31 ± 3,37 cm compared to 163,52 ± 
3,50 cm without. This seems to be quite a large difference but this probably had to 
do with the small sample size. There were two males and one female in the EYA 
with cribra orbitalia, again males are taller and this can blur the results. 
Unfortunately the sample was too small to run statistics, so we do not know if it is 
significant or not. For the LYA, stature with cribra orbitalia is 166,73 ± 3,42 cm 
and 166,47 ± 3,41 cm without. As this is almost the same, it is not surprising to 
see that this difference is not statistically significant.  
One of few studies mentioning the relationship between cribra orbitalia and 
stature, is a study of the influence of Harris lines  and cribra orbitalia on the 
morphology of long bones (Nowak and Piontek 2002). Cribra orbitalia was also 
recorded and looked at separately. When cribra orbitalia occurred in males, the 
morphology of the long bones differed in width and thickness, but not in length. 
The authors mention it may have had to do with the occurrence of porous 
hypertrophy in long bones, “manifesting as thickening of the spongy of long 
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bones” (Nowak and Piontek 2002, 264). There was no change in females, either in 
length or width and thickness. Armelagos et al. (1982) show that frequencies of 
severe porotic hyperostosis and growth retardation seem to be related to each 
other under the age of six years. Above six years of age this did not occur 
anymore. As well, the duration and intensity of the stress episode are often not 
enough to delay growth and decrease stature. Thus, perhaps cribra orbitalia does 
not affect long bone length but and hence stature as found in the Middenbeemster 
sample. However, it may influence other parts of the bone. 
Concluding, individuals from Middenbeemster did have anemia but it was found 
in a lower frequency than in many other populations. There was thus some anemia 
but less than in other samples. According to Armelagos et al. (1982) and Nowak 
and Piontek (2002) no change in stature should be visible in the Middenbeemster 
people. In the results we did see some change but it was not statistically 
significant. The presence of cribra orbitalia thus did not influence the growth of 
children. Wintle (2000, 42) writes that between 1830 and 1870, people’s health 
and diet in the Netherlands were “relatively deficient”. This is what we see in 
Middenbeemster, people were not in optimal nutritional status and/or health status 
but they did have enough just enough to eat to stay within the normal growth 
curve. After being sick or malnourished, the Middenbeemster people had enough 
food or strength to regain their normal pattern of growth with so-called catch-up 
growth, thus leaving no trace of the illness or food shortage in their stature or 
growth pattern. 
4.3 Enamel hypoplasia 
 
The percentage of individuals with enamel hypoplasia in Middenbeemster is high: 
91,9%. This shows that they were stressed during childhood. Of the observable 
teeth, 31,7%  were affected. Arguably, since enamel hypoplasia does not remodel, 
the percentage in subadults stays the same in adults, if the teeth do not have too 
much wear, causing occlusal enamel hypoplasia to be lost. Ribot and Roberts 
(1996) show a frequency of 49% and 38%  affected individuals for two medieval 
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subadults populations from the UK, respectively from Raunds and Chichester. 
Obertová and Thurzo (2007) show a percentage of 27,2% in an early Medieval 
Slavic population from Borovce, consisting of both adults and subadults. Brook 
and Smith (2006) studied a 3
rd
 to 5
th
 Romano-British population from Poundbury, 
composed of both juveniles and adults. The authors found 37% of the individuals  
were affected with enamel hypoplasia. One study on subadults from the cemetery 
of Broadgate, east central London in the 16
th
 to 18
th
 century (Ogden et al. 2007) 
shows that 93,2% of the individuals they studied had some evidence of enamel 
hypoplasia. In the last study the percentage of affected individuals is almost equal 
to the one found in this thesis, the others are lower than this study.  
The differences in the percentages may in part be due to the different ways of 
recording enamel hypoplasia. For this thesis, everything was recorded, even if it 
was slight. This was also done by Ogden et al. (2007). For the other studies 
(Brook and Smith 2006; Alfonso et al. 2005; Obertová and Thurzo 2007; Ribot 
and Roberts 1996), it was not clear which criteria were used for the inclusion of 
enamel hypoplasia as present. 
Most affected by enamel hypoplasia were the canines, followed by the incisors, 
the premolars, and finally the molars. The pattern shown on the different teeth has 
been described before. Goodman and Armelagos (1985) discuss that early 
developing teeth such as the canines and the incisors, are often prone to more 
hypoplastic events than later developing teeth such as premolars and molars. 
Thus, incisors and canines are more affected than premolars and molars, which is 
the pattern we see in this material. Perhaps an exception is the first molar, as it is 
an early forming tooth within the group of late forming teeth. However, it was not 
specifically recorded in this thesis whether this tooth was more affected than the 
other molars or premolars. More specifically, Goodman and Armelagos (1985) 
state that the maxillary incisors and all canines are the most affected. When 
looking at table 2, we can see that the maxillary incisors are somewhat more 
affected than the mandibular ones. All canines have a high affected percentage of 
56,1% and 58,0%.  
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Goodman and Armelagos (1985) also explain that differences in hypoplasia 
frequencies between teeth are not only due to variation in time of crown 
development. There is also evidence for biological gradients in susceptibility to 
ameloblastic disruption. The best explanation for the differences in susceptibility 
for hypoplasia is, according to Goodman and Armelagos (1985), directly related 
to developmental stability. The more developmentally stable teeth are, the more 
likely they are to be disrupted in their time of development. Anterior teeth are 
more developmentally stable than posterior teeth, which would contribute to the 
higher percentage of  hypoplastic anterior teeth seen in samples. 
Stature differences do not say much because there were only three individuals that 
did not have enamel hypoplasia and thus statistics were not possible. Thirty-four 
of the thirty-seven individuals have enamel hypoplasia, thus they were all stressed 
at some point in their childhood. Stature without enamel hypoplasia is smaller 
than with enamel hypoplasia. It is seen in females and males, and in EYA and 
LYA. However, the sample size is too small to draw any conclusions.  
Historical sources show that many diseases and epidemics were present in the 
Netherlands at the time of the Middenbeemster population and nutrition was also 
not adequate. This is reflected in the teeth of these individuals, children from 
Middenbeemster were stressed and developed much enamel hypoplasia. However, 
it is not possible to see how this influenced stature. In the literature, a study was 
performed by Lanphear (1990)on a white population from mid-19
th
 century New 
York from European descent. In this study, frequencies of enamel hypoplasia 
shows that femoral length was not correlated with enamel hypoplasia. 
4.4 Harris lines 
 
There were 17 individuals with Harris lines within this sample, which is 45,9% of 
the sample. Mays (1995), a study of a 10
th
 to 19
th
 century adult English population 
from Wharram Percy, 23% showed one or more lines (with a threshold of 50% for 
the identification of Harris lines). Two Irish populations (Waterford City and 
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Tintern Abbey) from the 11
th
 to 18
th
 century was examined for Harris lines (with a 
threshold of 25%) (Hughes et al. 1996) and 46% of 25-50 year olds had Harris 
lines. A Swiss population from the Canton of Berne, from the 15
th
 to 18
th
 century, 
showed 80% Harris lines in adults (Ameen et al. 2005) (with a threshold of 25%, 
only a little lower than in this thesis). Another Medieval Swiss population from 
Tomils/Sogn Murezi dated to 11
th
 to 15
th
 century was analyzed by 
Papageorgopoulou et al. (2011). Methods from this article are more comparable to 
Middenbeemster, since it used the Harris lines tool. Here, 75,9% of the adults 
were affected with Harris lines. It is even higher in the 15-39 years old: 86,7%. 
Unfortunately, it is unclear from the article which threshold was  used.  
To also show some results from other parts of the world, in a Sudanese Nubian 
Medieval sample from Kulubnarti, in the age category of 17-25 years 76,8% has 
Harris lines and in the age category of 26-35, 88,2% had Harris lines (with a 
threshold of 50%)(Hummert and Van Gerven 1985). A sample dated 1700BC to 
1000AD from Chile (Alfonso et al. 2005) shows 72,7% of females and 83,3% of 
males in the age category of 19,1 to 30 years old had Harris lines. The sample also 
shows 55,6% Harris lines for females and 42,9% for males in the age category of 
30,1 to 40 years old (used threshold = 30%). 
We can see from these studies that there is a great difference in the amount of 
Harris lines. Some of this is due to the use of different thresholds. For example, 
Mays (1995) has a lower number of Harris lines, but it also uses a higher 
threshold. This means that this study may have the same percentage as this thesis 
but we cannot know for sure. Hummert and Van Gerven (1985), on the other hand 
also used a higher threshold of 50%, and still found a higher prevalence of Harris 
lines. Also studies with the (almost) same threshold found higher percentages 
(Ameen et al. 2005). A problem with age categories is also present: Hughes et al. 
(1996) found almost the same percentage as in Middenbeemster with a 25% 
threshold but the age category was different. The problem of using several age 
categories is that the percentages can vary due to remodeling in increasing age. As 
well, there is a variation in remodeling between populations and individuals 
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(Hummert and Van Gerven 1985). All in all, it is difficult to compare the 
percentage found here to other studies, as the potential differences are so great. 
This thesis has a lower percentage of Harris lines than most other studies, 
suggesting a lower stress level (when relying on the paleopathological theory). 
The percentage that resembles this thesis most is from the Irish study by Hughes 
et al. (1996).  
Stature of all individuals with Harris lines was 164,49  ± 3,47 cm, some 3 cm 
smaller than the 167,30  ± 3,40cm without Harris lines but this was not 
significant. When split up into males and females, the statures are both smaller 
with Harris lines but again not significant. When looking at the different age 
groups, we can see differences. EYA with Harris lines were taller than without, 
which is not what was expected but this was not significant. The largest difference 
in stature was in the LYA group, where the individuals with Harris lines were 
almost 5 cm smaller than the ones without. This was statistically significant. 
However, as mentioned in the results chapter, the groups that were compared 
(LYA with and without Harris lines) were composed of an unequal amount of 
males and females. LYA with Harris lines had many females, while the group 
without had only a few females. As females are smaller in stature than males, the 
significance of this result could be influenced by this. When only looking at 
female LYA with and without Harris lines the test was not significant, which 
strengthens this suspicion. Yet, it was not possible to run statistics on the males 
and since the trend of a smaller stature has been seen in the other groups and later 
on when enamel hypoplasia and Harris lines were conbined, I do want to discuss 
the meaning of a decrease in stature being significant in the presence of Harris 
lines.  
The main question arising is: why are individuals with Harris lines smaller? For 
this question, the theory that Harris lines are formed after an arrest of growth 
(paleopathological theory) (Alfonso-Durruty 2011) is relevant. The smaller 
individuals would then be the result of insufficient energy or nutrition to cause 
catch-up growth, as mentioned by Tanner (1992), but sufficient enough to cause 
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the resumption of bone growth, in order to produce the Harris line. Catch-up 
growth is growth after an episode of lower nutrition or illness, when the 
individual’s growth was slowed or stopped. The growth after this episode has to 
be more than normal, in order to catch-up with the normal growth pattern (see 
paragraph 1.1). As mentioned before, constantly stressed people would not be able 
to form a line ( Lewis and Roberts 1997) and individuals getting enough energy 
from nutrition would have been able to return to their normal growth curve 
(Tanner 1992). It is difficult to reconcile the physiological explanation, where a 
Harris line occurs because of growth spurts, with the people being smaller in the 
presence of Harris lines. In conclusion, stature decreasing with Harris lines would 
find more support for the paleopathological theory than for the physiological 
explanation. 
Other researchers have researched the relationship of Harris lines with growth 
arrest by looking at statural deficiency. Garn and Schwager (1967) have taken 
tibial length and stature as criteria. Individuals with Harris lines in adults were not 
shorter nor did they have different tibial dimensions. Papageorgopoulou et al. 
(2011) also used tibial length and again no relationship was found between length 
and the occurrence of Harris lines. Nowak and Piontek (2002) studied a Polish 
late Medieval adult sample. Here, they researched whether the presence of Harris 
lines influenced the morphology of long bones (whether people with Harris lines 
had shorter tibiae for example). This study showed that there was no clear 
relationship between the occurrence of Harris lines and differences in length of 
the tibia. Mays (1995) used femoral length as a surrogate of stature but no 
difference in length was found to be statistically significant between adults with 
and without Harris lines.  
Thus, all in all, the literature shows no correlation between Harris lines and 
stature/ long bone length. The results of the Middenbeemster people suggest that 
several events must have occurred that made Harris lines. The significant results 
first suggested that these events may have been epidemics, from which the 
children did not recover enough to experience catch-up growth, or food shortages 
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such as the potato blight. Good nutrition would have been absent for quite some 
time and later some food would have become available but not enough for 
children to recover and get a catch-up growth spurt. However, these results have 
to be put aside because of the group composition, thus it remains somewhat 
unclear what the events must have been.  
4.5 Several factors at once 
 
Almost none of the stress factors have a statistically significant relationship with 
stature thus it is interesting to see whether having several factors at once do 
influence stature. The statistics were not significant in women, men, and LYA but 
they were in EYA. 
In figure 16, we can see that there is difference between having zero, one, two or 
three factors present in the EYA. This was proven to be statistically significant. 
However, when looking at figure 16, the relationship is not straight forward. This 
probably has to do with the fact that there is only one individual with zero stress 
markers present and only two with three markers present. It is not possible to rely 
on one or two stature measurement(s), especially since the two individuals with 
three markers present were both male, and males are generally taller than females. 
Thus we will look at the bulk of the individuals: the ones with one and two 
markers present (respectively four and six individuals). Between these two, we 
can see a trend. The box plot shows that the average height is decreasing when 
two markers are present instead of one. All individuals with one marker have 
enamel hypoplasia. The individuals with two markers are composed of two 
combinations: enamel hypoplasia and cribra orbitalia (one person) or enamel 
hypoplasia and Harris lines (five persons). It thus seems that adding cribra 
orbitalia or Harris lines on top of enamel hypoplasia makes stature decrease in 
EYA. We must be aware that, as mentioned in the results section, the first group 
(with one marker present) is composed of two females and two males and that the 
second group (with two markers present) is composed of four females and two 
males. Since there are more females in the second group, this may have 
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influenced the results, as females are smaller than males but I will come back to 
this at the end of the next paragraph. 
In figure 17, we can see that it is most likely Harris lines added to enamel 
hypoplasia that decreases stature, as stature with enamel hypoplasia alone is 
higher than with enamel hypoplasia and Harris lines. Cribra orbitalia added to 
enamel hypoplasia is only encountered once thus it is difficult to say anything 
about that. This trend suggests that Harris lines are most likely to be related to 
stress and that the combination between enamel hypoplasia and Harris lines is 
most likely to influence stature. Here as well, the groups were not equal. The 
groups we have compared were the ones with only enamel hypoplasia (composed 
of two males and two females) and enamel hypoplasia and Harris lines (three 
females and two males). The second group has one more female, which may have 
influenced stature because females are smaller. Since it is only one female, I do 
not believe this would have influenced it to the point that it would significantly 
change stature. Since the results are significant in both the markers grouped (0, 1, 
2, and 3 markers present) and the specific markers, I believe these results could be 
genuinely significant. However, the same is true as for the other significant 
values, the sample is small thus it would be advisable to repeat this in a larger 
sample. This is also probably the reason why some combinations did not appear. 
For example: cribra orbitalia alone, and cribra orbitalia and Harris lines together 
were not present in this sample. 
In the literature, not much is written on the co-occurrence of these three stress 
indicators and stature. One of the few studies is Ribot and Roberts (1996), who 
examined early Medieval British subadults long bone diaphyseal length compared 
to Harris lines, porosity of the skull, dental enamel hypoplasia, and subperiostal 
new bone formation. Their results suggest that there is no relationship between the 
frequency of stress indicators and the growth of long bone lengths. They claim 
that retardation in height is not seen very often, as stress only impedes catch-up 
growth when lasting longer than three months. Most insults that affect dental of 
skeletal growth often do not last that long according to Ribot and Roberts (1996). 
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However, episodes of stress in Middenbeemster, for example malnutrition due to 
a European potato blight could easily have lasted for more three months. 
4.6 Correlation of the factors 
 
None of the correlations between enamel hypoplasia, Harris lines, and cribra 
orbitalia were statistically significant. However, some are interesting to consider 
in further detail. The correlation between cribra orbitalia and Harris lines in 
males/probable males for example signals a trend, as it is almost statistically 
significant (0,082), and the correlation is one of the highest found (0,408). On the 
other hand, some correlations, although non-significant, were very low and also 
worth mentioning: cribra orbitalia and enamel hypoplasia (0,075; p =0,658) in the 
whole sample, enamel hypoplasia and Harris lines in females (0,040; p = 0,876), 
cribra orbitalia and Harris lines in LYA (0,075; p = 0,726), and enamel hypoplasia 
and Harris lines in LYA (-0,051; p =0,813).  
One low correlation occurs in two different samples: enamel hypoplasia and 
Harris lines, in both the female and LYA group. This might indicate a lack of 
relationship between the two. This is very interesting since these are the two 
markers that combined seemed to decrease stature in EYA. However, Mays 
(1995) did find a correlation between the two in a British Medieval subadult 
population. In the same study though, adults did not have a significant relationship 
between Harris lines and enamel hypoplasia.  
Maat (1984) studied 50 (sub)adult Dutch whalers for Harris lines and matched 
these to enamel hypoplasia. Although there were no statistics performed, dating 
the lines in bones and teeth showed that some lines occurred at the same time and 
thus might represent the same event. McHenry and Schulz (1976) researched 
prehistoric Californians, subadults and young adults. They were compared for co-
occurrence, as in the article by Maat (1984). Statistics were performed but these 
were not significant. Clarke (1982) used a diverse prehistoric sample from Illinois 
aged 18-45 years old. He did not find a one-to-one relationship between Harris 
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lines and enamel hypoplasia but there was a significant co-occurrence between the 
two. A more recent study (Alfonso et al. 2005) uses absence/presence of the two 
indicators, as in this thesis. They found no relationship between the two in a 
subadult and adult sample from Chile (1700BC-1000AD). It even showed that the 
time of formation of enamel hypoplasia and Harris lines were totally different. 
Papageorgopoulou et al. (2011) shows that in a Swiss population from the late 
Medieval period, no correlation was found between Harris lines and linear enamel 
hypoplasia in adults or subadults.  
The literature shows there is a complex relationship between enamel hypoplasia 
and Harris lines, sometimes a relationship is found and sometimes not. Mays 
(1995) only showed a significant result in subadults and not in adults. As the low 
correlation in this thesis was found in adults and mostly in LYA, Mays’s data 
suggests that the relationship between enamel hypoplasia and Harris lines may be 
present in subadult populations but that it disappears in adults due to remodeling 
of Harris lines. Harris lines and enamel hypoplasia sometimes form due to one 
event and sometimes not, perhaps the events that trigger enamel hypoplasia are 
slightly different from the ones that trigger Harris lines and thus  
We can also see that in males/probable males, cribra orbitalia and Harris lines 
have an almost significant correlation. In the LYA group however, this correlation 
is very low. The exact relationship between the two has not been investigated 
much and it is difficult to find in the literature. The conflicting results are perhaps 
due to the combination of two problems: remodeling of Harris lines and healing of 
cribra orbitalia in adults. As both disappear with older age, the correlation will 
become lower and lower, thus perhaps significant in subadults, it becomes 
insignificant in LYA. 
Finally, cribra orbitalia and enamel hypoplasia have a low correlation in the LYA 
group. Again, healing of cribra orbitalia with age may have to do with this low 
correlation. Literature on this relationship is conflicting. A Polish adult population 
from the 14
th
 to 18
th
 century was studied for both enamel hypoplasia and cribra 
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orbitalia (Kozak and Krenz-Niedbala 2002). No significant correlation was found 
between the two. Novak et al. (2009) did not find a relationship between the two 
in several Medieval to post-Medieval populations from Central Croatia, consisting 
of both subadults and adults. Novak and Slaus (2010) were not able to show a 
positive relationship either in a Roman Croatian subadult and adult sample, nor 
were Turbón et al. (1991) in a Spanish historic and prehistoric sample. Turbón et 
al. (1991) suggest that the two reflect different nutritional aspects: cribra orbitalia 
reflects iron-deficiency, while enamel hypoplasia is related to the calcium levels 
in the body. Anemia can indeed be caused by iron-deficiency and calcium is 
needed to build the teeth but there are many possible other causes of anemia and 
enamel hypoplasia, thus this may be jumping to conclusions. 
Stuart-Macadam (1985) on the other hand, shows a significant association 
between porotic hyperostosis and enamel hypoplasia in a Romano-British 
population containing juveniles and adults. Obertová and Thurzo (2007) also 
propose a possible relationship between the two by examining their frequencies in 
an early Medieval population in Slovakia. The authors suggest that the pathogens 
involved in both conditions, together with malnutrition and a compromised 
immune system, lead to susceptibility to other infections and poor resistance to 
further stress. As well, Facchini et al. (2004) show that there is a relationship 
between cribra orbitalia and enamel hypoplasia in an Italian sample from Roman 
necropolises. 
Concluding, the correlations, high or low, found in this thesis cannot always be 
correlated with what is found in the literature. The results from this thesis suggest 
a relationship between cribra orbitalia and Harris lines, that can mostly be found 
in younger individuals and that disappears in older adults due to remodeling and 
healing of the two markers. It also suggests a low relationship between cribra 
orbitalia and enamel hypoplasia in LYA and between Harris lines and enamel 
hypoplasia in females and LYA. 
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4.7 Problems 
 
During this research I encountered some problems, which I will discuss in this 
section. I will start at the beginning of the process. First of all, while choosing the 
skeletons, the right tibia was chosen for the X-rays. However, Alfonso et al. 
(2005) preferred the left tibia, as it is more likely to show Harris lines, as more 
Harris lines were found in the left tibia during one previous research (Hughes et 
al. 1996). This is interesting since I would have thought that both limbs develop 
equally and thus have an equal amount of Harris lines but apparently they do not. 
In several articles different kinds of selection methods were used. Nowak and 
Piontek (2002) used the right tibia, Maat (1984) used one of the two tibiae, Mays 
(1985) took both tibiae and femora, and Grolleau-Raoux et al. (1997) used the 
best-preserved tibia. Since the theory that the left tibia has more Harris lines was 
only based on one Irish population (Hughes et al. 1996) and the selection methods 
are so variable in different articles, I do not believe the right tibia was the wrong 
choice but it is worth mentioning. 
While looking at the X-rays for Harris lines, a few X-rays were turned 45 degrees 
and the Harris lines tool could not work with these. This concerns three X-rays 
and a total of five tibiae. They were first turned in IRFANview, saved as another 
extension (TIFF instead of DICOM) and finally passed through the crop tool to be 
separated and become DICOM extensions again. It does not seem to have affected 
the resolution but it is worth mentioning. 
Use of the Harris line tool itself was easy and it makes the Harris line count more 
objective. However, more studies are needed in order to prove it is working well, 
and a study evaluating the use of the tool would be useful for the future. More 
studies using this tool are required in order to compare Harris line studies to each 
other. Nowadays, comparison of studies on Harris lines is inconvenient, many 
studies have been performed but they use different thresholds for Harris line 
count.  
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When analyzing the skeletal material, I worked systematically with a form, the 
Harris line tool, and second opinions by PhD student Rachel Schats, in order to 
reduce errors of recording or observation. However, errors can never all be 
excluded and it is possible some errors were made in the process. 
One of the largest problems has been mentioned many times: the small sample 
size. The sample was somewhat larger at the beginning but the subadults were not 
usable as stature could not be calculated with enough precision from subadults 
without determining sex. Sex determination is highly debated in adolescents and 
thus they were excluded. Otherwise, some individuals were not as complete or 
well preserved as thought when selecting them, thus they were also excluded. The 
small sample size hindered the use of statistics at some points and often outcomes 
of statistics that were performed need to be repeated. Especially with stature, the 
small sample influenced the outcomes. In general it can be said that since males 
and females have a significant difference in stature, the small sample can make for 
a deformation of the stature if there is not an even number of males and females. 
Then stature will be small (with many females) or tall (with many males). With a 
larger sample, these differences would not matter much, as they would be 
equalized or there would be enough males and females to always be able to 
consider groups separately. There would be no need to group. 
There are two possibilities for the non-significant numbers. If the sample was 
bigger, perhaps some of the outcomes would be significant. However, the other 
possibility is that the indicators of stress and stature are really not related. It would 
be recommendable to repeat this research with a larger sample in order to see if 
some of the results are possibly significant after all.  
4.8 The osteological paradox 
 
In 1992, the osteological paradox was first introduced by Wood et al. It considers 
the difficulties with extrapolating statistics from an archaeological skeletal 
collection to health status of these populations for paleodemography and 
paleopathology. Most research presupposes that the individual risk of a certain 
64 
 
 
illness or life expectancy reflects the population wide risk of this illness or the life 
expectancy of the population. However, this relationship is not always as 
straightforward. Since this is related to what has been done in this thesis, it is 
important to consider these difficulties and to see whether they could have 
impacted this research. The three problems mentioned by the authors are 
demographic nonstationarity, selective mortality, and unmeasured individual 
heterogeneity in the risks of disease and death (Wood et al. 1992, 343). 
The first problem, demographic nonstationarity, refers to the population going 
away from a stationary state, this happens when a population is changing. In these 
nonstationary populations, age-at-death is very sensitive to changes in fertility 
while large changes in mortality almost do not affect age-at-death. This means 
that numbers such as life expectancy or mean age-at-death reflect fertility more 
than mortality (Wood et al. 1992, 344). Since these measures have not been used 
in this thesis, it seems unlikely that this problem would have influenced the 
results. 
The second problem is selective mortality. In a graveyard, we do not have a 
sample of all individuals who were at risk for disease or even death at a certain 
age, we only have the ones that died at that age. Of all the 18-year olds for 
example, we only have the ones that died. The ones that lived and became older 
perhaps died at 40. We will then find these individuals as 40 year olds and only 
see their diseases at that time, not what kind diseases they had at 18 years of age. 
This means that the sample of 18 year olds is selective for lesions that increase the 
risk of death at that age and that it is not representative of the whole population at 
risk. The prevalence we see in skeletal collections is therefore biased and 
probably overestimates the real prevalence of diseases in populations (Wood et al. 
1992, 344). This makes it very difficult to get epidemiological rates from 
archaeological samples. In this thesis, selective mortality is a problem. The 
prevalence of cribra orbitalia, enamel hypoplasia and Harris lines for the age 
groups looked at, is not the real prevalence of this age group. It is only the 
prevalence of the individuals that died in Middenbeemster at that young adult age. 
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As the markers increase risk of illness and death because they mostly mark stress 
and poor health, the frequency amongst the dead is probably higher than in the 
ones that have survived (Wood et al. 1992, 349).  
However, another consideration can be made: we might be able to rely on 
indicators of stress to partially solve the selective mortality problem in the future. 
These markers are indicators of stress (illness, malnutrition) in the childhood of 
the individual. They were found in adults and thus indicate that the individual 
survived the childhood stress. Since enamel hypoplasia and Harris lines can be 
traced back to a specific time in childhood, this means that we could combine the 
data from adults who were also stressed at a certain age but survived with data 
from children who died at that same age. This would make for a more complete 
group of children than only the ones who died at that age. Since indicators of 
stress are not yet very specific in etiology, this is not feasible at the moment but it 
could be if their exact cause was known. 
The last problem mentioned is hidden heterogeneity in risks. A skeletal collection 
is made up of individuals of which we do not know how frail or susceptible they 
are to disease and death. This frailty is variable and can for example be influence 
by genetic traits or socioeconomic differences. It is almost impossible for 
archaeologists to know today if someone has been exposed to risk of disease or 
death and if yes, how long this exposure was. This makes it very difficult to 
interpret age-specific mortality rates in terms of individual risk at death. If a 
population is heterogeneous for a certain disease, the individual with a certain 
frailty will not be representative for  that of the whole population (Wood et al. 
1992, 345). Selective mortality can influence this as well. In this thesis, hidden 
heterogeneity could have influence the susceptibility to illness and thus the 
occurrence of non-specific indicators of stress and stature. The occurrence of 
these indicators in the studied individuals may thus not necessarily be 
representative of the whole population. 
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Advances in science such as DNA may bring us to the point where heterogeneity 
due to genetics will be able to be solved. However, it is difficult to reduce 
selective mortality to a minimum. We must mostly remember that risk of disease 
and death of the individual is not equal to the risk of the population. We must also 
consider that we are bound to assumptions, especially in archaeology. It is almost 
impossible to do without as we will never find all information on disease and 
death of past populations (Wood et al. 1992, 344-345).  
4.9 General considerations 
 
Some other general considerations have to be made in order to interpret results 
from this thesis. As just mentioned, the adults we have studied are not necessarily 
representative for the whole Middenbeemster population. This is not only because 
of the osteological paradox but also because they are a selected sample, only the 
young adults of the population were studied, thus we are missing children and 
older adults.  
The used stress indicators and stature must be interpreted with caution as they do 
not have specific etiologies. They are not all equally useful, for example more is 
known about the cause of enamel hypoplasia than there is about Harris lines, and 
their etiologies only partly overlap. As stated in Ribot and Roberts (1996) human 
growth and stress adaptation are very variable, thus comparison of these data with 
different populations must be made with caution. Preferably, they are made with 
populations that are similar to the one studied. For this thesis, this was not always 
possible but I have tried to be cautious with conclusions based on other 
populations from other time frames. 
However, despite the limitations, frequency of non-specific stress indicators is one 
of the few ways to get quantitative and qualitative information about health of a 
skeletal population. In this thesis, Harris lines correlated with retarded growth in 
LYA, as did the presence of several indicators in EYA. Although other indicators 
did not correlate with stature, it is still possible that the bones were influenced by 
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stress. According to Huss-Ashmore et al. (1982) growth in long bones often 
adapts to stress at the expense of another part of the bone, for example cortical 
width. Mays (1995) shows that thickness of cortical bone is related to Harris lines 
in subadults, as well do Nowak and Piontek (2002). Perhaps a different way of 
assessing changes in bone is needed. A comparison of several measurements with 
several stress factors would be interesting.  
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5 Conclusion 
 
This thesis has studied stature, a non-specific indicator of health, and three other 
non-specific indicators of stress in order to get a better understanding of the 
relationship between these indicators. The other three indicators were enamel 
hypoplasia, cribra orbitalia, and Harris lines. Enamel hypoplasia occurs when 
ameloblasts stop making enamel when the body is stressed. Stress is defined as 
physical stress, such as occurs with malnutrition or illness. Cribra orbitalia is 
mostly linked to anemia, with causes such as malnutrition, chronic blood loss, 
parasitic infection, or an increased pathogen load. The etiology of Harris lines is 
most debated. Its cause is thought to be either related to stress (paleopathological) 
or to growth (physiological), thus two opposites of each other. 
A sample of 37 individuals was analyzed from the post-Medieval rural settlement 
of Middenbeemster, the Netherlands. Many diseases were present when this 
population was alive such as regular epidemics of smallpox, measles, influenza, 
and widespread chronic illnesses to the digestive and respiratory systems. As well, 
people were frequently malnourished due to crop failures and grain or potato 
diseases. All in all, this would have caused much physical stress for the people of 
Middenbeemster.  
The stature of this sample was estimated and presence or absence of the three 
stress markers was noted. First of all, results show the percentage of cribra 
orbitalia in Middenbeemster was somewhat lower than other studies, which means 
that there was some anemia but it did not affect as many people as in other 
populations. Stature with cribra orbitalia was higher than without, but this 
probably had to do with the small sample size and it was not statistically 
significant. No other statistical differences in stature were found with or without 
cribra orbitalia. 
Second, the enamel hypoplasia percentage was very high, thus many individuals 
from this sample have experienced stress at some point in their childhood. It may 
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have had to do with the endemic malaria or one of the many epidemics of the 
1800s. It may also have had to do with malnutrition at some point in childhood. 
However, due to the small sample that had no enamel hypoplasia, no statistics 
could be run on the relationship between enamel hypoplasia and stature. 
Thirdly, the literature on Harris lines showed a broad spectrum of percentages of 
affected individuals. In this sample, almost half of the individuals had Harris 
lines. What this means was unclear because of the unresolved etiology. The 
significant results between Harris lines and stature in LYA seem to have been 
influenced by the higher percentage of females in the Harris lines group. 
However, it seems that EYA with enamel hypoplasia and Harris lines have a 
lower stature than individuals with only enamel hypoplasia. This suggests that 
Harris lines are more likely to be an indicator of stress than of growth. It would be 
unlikely that Harris lines are markers of growth when stature decreases in their 
presence.  
Finally, no correlation between the stress markers was found to be statistically 
significant but some trends are suggested, such as perhaps a relationship between 
cribra orbitalia and Harris lines, that can mostly be found in younger individuals 
and that disappears in older adults due to remodeling and healing of the two 
markers. Also suggested is a low relationship between cribra orbitalia and enamel 
hypoplasia in LYA and between Harris lines and enamel hypoplasia in females 
and LYA. The last one is very interesting since in LYA, it seems that adding 
Harris lines to enamel hypoplasia decreases stature. 
A few things must be kept in mind in this thesis. One of the major concerns is the 
small sample size. The results have to be looked at cautiously until they are 
repeated in a larger sample. As well, the osteological paradox seems to have 
influenced this thesis. We must consider that this sample may overrepresent the 
prevalence of stress markers. Frailty also influences the ability of this sample to 
be representative for the whole living population of Middenbeemster, as well 
representativeness is influenced by the fact that this sample is a selected sample. 
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Future research could be focused more on other measurements of bones and of 
course on a larger and more diverse sample size. 
Concluding, this type research is valuable because it clarifies the relationship 
between stress markers and stature, as not much research has been done before on 
this. In Middenbeemster, people were stressed, there was some anemia, a lot of 
enamel hypoplasia and almost half of the people had Harris lines. This research is 
especially interesting for the etiology of Harris lines, as it seems that stature 
decreased when Harris lines were added to enamel hypoplasia in EYA. It also 
contributes to our knowledge of the relationship between (or lack thereof) the 
non-specific markers of stress, as this has only been selectively researched before. 
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6 Abstract 
English 
This thesis compares stature, a non-specific indicator of health in a human skeletal 
population, with three other non-specific indicators of stress: enamel hypoplasia, 
cribra orbitalia and Harris lines. The goal of this thesis is to improve 
understanding of the relationship between stress markers and stature in order to 
better evaluate the health of past populations. The material used is from the rural 
Dutch town of Middenbeemster, from the post-Medieval time. Only young adults 
were selected, with an equal amount of females and males. The results show that 
this sample was stressed in childhood, shown by the high percentage of enamel 
hypoplasia. About a one sixth of the Middenbeemster sample had cribra orbitalia, 
which means these people had anemia, possibly caused by malnutrition, chronic 
blood loss, parasitic infection, or an increased pathogen load. No statistics could 
be run on enamel hypoplasia but statistics show that the presence of cribra 
orbitalia did not influence stature. Stature seemed to decrease in late young adults 
with Harris lines but this was due to a high amount of females in the Harris line 
group. Having Harris lines on top of enamel hypoplasia as an early young adult 
however, does seem to decrease stature. This suggests that Harris lines are 
markers of stress. There were no statistically significant correlations found 
between the stress markers, only some trends can be suggested. The sample of this 
thesis was small, thus repeating this research with a larger sample could make 
some results stronger. 
Nederlands 
Deze scriptie vergelijkt lengte, een niet specifieke indicator van gezondheid, met 
drie niet-specifieke indicatoren van stress in een collectie van menselijke 
skeletten. Deze drie indicatoren zijn enamel hypoplasia, cribra orbitalia en Harris 
lines in de tibia. Het doel van deze scriptie is het inzichtelijk maken van de relatie 
tussen deze markers en lengte om de gezondheid van mensen in het verleden beter 
in te kunnen schatten. De gebruikte skeletten komen uit het plattelandsdorp 
Middenbeemster en dateren uit de negentiende eeuw. Alleen de jong volwassenen 
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zijn geselecteerd, met een eerlijke verdeling tussen mannen en vrouwen. De 
resultaten tonen aan dat deze selectie individuen lichamelijk gestrest zijn geweest 
in de kindertijd, zoals getoond door het hoge percentage van enamel hypoplasia. 
Ongeveer een zesde van deze selectie leed aan bloedarmoede tijdens de kindertijd, 
zoals aangetoond door de aanwezigheid van cribra orbitalia. Mogelijk werd dit 
veroorzaakt door ondervoeding, chronisch bloedverlies of  infectie door 
parasieten, Statistieken hebben aangetoond dat de aanwezigheid van cribra 
orbitalia de lengte van deze mensen niet heeft beïnvloed. Het leek erop dat de 
aanwezigheid van Harris lines de lengte van deze mensen samenviel met een 
kleinere lichaamlengte, maar dit kwam door een grote hoeveelheid vrouwen in de 
groep met Harris lines. Het is echter wel zo dat als men alos vroege jong 
volwassene enamel hypoplasia en Harris lijnen tegelijk heeft, de lengte van deze 
persoon kleiner is dan als de persoon alleen enamel hypoplasia heeft. Dit 
suggereert dat de theorie dat Harris lines een indicatie geven van stress correct is. 
Er waren geen significante correlaties te vinden tussen de verschillende stress 
indicatoren, er kunnen alleen trends worden gesuggereerd. De selectie aan 
skeletten voor deze scriptie was vrij klein en de getoonde resultaten zijn dus wat 
onzeker. Dit onderzoek herhalen met een grotere selectie zal de resultaten 
versterken. 
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Appendices 
Appendix A. Individuals analyzed in this thesis 
Feature 
nr 
Find 
nr 
Sex Age Enamel 
hypoplasia 
Form of enamel 
hypoplasia  
Orbits 
present 
Cribra 
orbitalia 
Harris 
lines 
Amount 
of 
Harris 
lines 
Bone and side 
used for stature 
Stature 
Trotter 
SD 
Stature 
47 45 F EYA yes lines right no no   left femur: 43,5 
cm 
161,55 3,72 
60 37 F EYA yes lines left and right no yes 2 right femur: 44,5 
cm 
164,02 3,72 
64 50 PM LYA yes lines left and right no no  right femur: 47,1 
cm 
173,51 3,27 
88 94 F LYA no    left and right no yes 1 left fibula: 33,9 
cm 
158,94 3,57 
92 124 M LYA yes lines left and right no no  right femur: 47,9 
cm 
175,41 3,27 
110 213 F LYA yes pits left and right no yes 2 left fibula: 
31,6cm 
152,2 3,57 
149 280 PF EYA yes lines left and right yes no  right fibula: 33,4 
cm 
157,47 3,57 
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183 311 F LYA yes lines left and right no yes 1 Right fibula: 
35,8cm 
164,5 3,57 
198 601 F LYA yes lines left and right yes yes 2 right fibula: 34,1 
cm 
159,52 3,57 
226 282 M LYA yes lines and pits  left and right no yes 1 Right femur: 46,8 
cm 
172,8 3,27 
236 335 M EYA yes lines left and right no yes 1 Right Femur: 
45,1cm 
168,75 3,27 
239 369 M EYA yes lines and pits left and right no yes 1 Right Femur: 43,2 
cm 
164,23 3,27 
249 394 PM LYA yes lines left and right no no  Right Femur: 
46,0cm 
170,89 3,27 
257 1006 M LYA yes lines left and right no no  right femur: 46,3 
cm 
171,6 3,27 
260 1503 M EYA yes pits and plane forming 
defect 
right yes yes 1 left femur: 49,2 
cm 
178,51 3,27 
290 472 M EYA yes lines left and right no no  right femur : 44,6 
cm 
167,56 3,27 
306 561 M LYA yes lines left and right yes yes 1 right femur: 45,2 
cm 
169 3,27 
310 550 M LYA yes lines and pits  left and right yes no  right femur: 176,84 3,27 
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48,5cm 
325 676 M LYA yes lines left and right no yes 4 left femur: 
45,0cm 
168,51 3,27 
338 721 F LYA yes lines left and right no yes 5 right fibula: 
33,1cm 
167,14 3,57 
344 730 F EYA no    left and right no no  right fibula: 31,6 
cm 
152,2 3,57 
368 794 M LYA yes lines left and right no no  right femur: 
41,5cm 
160,18 3,27 
369 886 F LYA yes lines, pits and plane 
forming defect 
left and right no no  right fibula: 
32,5cm 
154,84 3,57 
370 806 F LYA yes lines left and right yes no  left fibula: 34,8 
cm 
161,57 3,57 
379 851 M EYA yes lines left and right no no  right femur: 
48,4cm 
176,6 3,27 
385 874 F EYA yes lines and pits left and right no yes 4 right femur: 41,7 
cm 
157,1 3,72 
388 952 F EYA yes lines left and right no No  right fibula: 
36,7cm 
167,14 3,57 
404 1139 M LYA yes lines left and right no no  right Femur: 46,0 
cm 
170,89 3,27 
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420 936 F LYA yes lines left and right no yes 2 right femur: 40,8 
cm 
154,88 3,72 
430 965 F LYA yes lines  left and right no yes 5 right fibula: 
36,1cm 
165,38 3,57 
432 981 M LYA yes lines and lines and pits  left and right no no  left femur: 
45,9cm 
170,65 3,27 
453 973 F LYA yes lines left and right no no  right fibula: 34,1 
cm 
159,52 3,57 
467 1022 M LYA no    left and right no no  right femur: 45,4 
cm 
169,46 3,27 
473 1003 M LYA yes lines and lines and pits  left and right no no  right femur: 50,6 
cm 
181,84 3,27 
501 1097 F EYA yes lines left and right no  Yes 1 right fibula: 32,9 
cm 
156,01 3,57 
502 1062 M EYA yes lines left and right yes yes 1 right femur: 
47,4cm 
174,94 3,27 
527 1153 F LYA yes pits left and right no no  left fibula: 
36,4cm 
166,26 3,57 
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          Sex PM M PF F Total 
Age 
EYA 0 6 1 6 13 
LYA 2 11 0 11 24 
Total 2 17 1 17 37 
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Appendix B. Form used for recording enamel hypoplasia, cribra orbitalia and stature (figure of teeth adapted from Buikstra and 
Ubelaker (1994)) 
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Appendix C Example of the Harris lines tool by Suter et al. (2008)  
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Appendix D. Inventory of number of teeth recorded and enamel hypoplasia per individual 
Findnu
mber 
Maxi
lla 
      Mandi
ble 
      
               Incisors                Canines Premolars Molars                  Incisors Canines Premolars Molars 
 Affec
ted 
Obse
rvabl
e 
Affec
ted 
Observ
able 
Affec
ted 
Observ
able 
Affe
cted 
Observ
able 
Affec
ted 
Observ
able 
Affec
ted 
Observ
able 
Affec
ted 
Obser
vable 
Affe
cted 
Obser
vable 
37 0 4 0 2 0 4 0 2 0 4 0 2 2 3 0 4 
45 2 4 0 2 0 3 0 3 0 4 0 2 4 4 0 5 
50 2 4 2 2 2 3 0 3 0 4 2 2 2 4 0 5 
94 0 0 0 2 0 0 0 2 0 0 0 1 0 3 0 0 
124 0 0 0 0 0 0 0 0 0 2 1 2 0 3 0 2 
213 0 2 0 1 3 3 0 4 0 4 0 2 0 4 0 2 
280 2 4 2 2 0 4 0 4 4 4 2 2 0 3 0 4 
282 3 3 2 2 1 3 0 5 0 0 2 2 1 1 0 4 
311 0 4 0 2 2 3 0 3 0 4 0 2 0 4 0 2 
335 4 4 2 2 1 3 2 5 0 4 0 2 0 4 0 6 
369 0 4 1 2 0 3 0 4 0 4 2 2 2 4 0 6 
394 0 1 1 1 0 3 0 4 0 4 2 2 0 4 0 4 
472 0 2 0 2 0 2 1 4 0 0 1 1 0 4 0 6 
550 0 1 2 2 1 3 0 3 0 4 0 2 0 3 0 6 
561 2 4 0 2 0 4 0 6 0 0 0 2 0 3 0 5 
601 0 0 0 0 1 2 0 5 0 2 2 2 0 3 0 6 
676 2 4 2 2 0 3 0 5 0 1 2 2 2 4 0 4 
721 0 4 0 2 0 2 0 1 2 4 0 2 0 3 0 6 
730 0 4 0 2 0 3 0 3 0 4 0 2 0 4 0 4 
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794 2 4 2 2 3 4 0 4 4 4 2 2 2 4 0 2 
806 3 3 2 2 3 3 3 4 4 4 2 2 3 3 1 3 
851 1 4 1 2 0 3 0 5 3 3 1 1 0 4 0 6 
874 4 4 2 2 3 3 1 1 0 4 2 2 4 4 4 4 
886 4 4 2 2 0 3 1 2 4 4 2 2 0 3 0 2 
936 4 4 2 2 0 0 0 3 1 4 1 2 0 4 0 4 
952 1 4 1 1 0 3 1 4 4 4 1 1 0 1 0 1 
965 1 2 1 2 0 2 0 2 4 4 0 2 0 4 0 4 
973 0 1 0 1 0 2 0 1 2 4 2 2 0 3 0 2 
981 4 4 1 2 1 3 2 2 4 4 2 2 2 4 2 3 
1003 4 4 2 2 2 2 0 3 0 1 1 2 3 3 1 3 
1006 4 4 2 2 0 3 0 3 1 1 1 1 0 4 0 4 
1022 0 2 0 2 0 2 0 6 0 1 0 2 0 4 0 6 
1062 2 4 0 2 0 2 0 4 0 4 2 2 0 2 0 3 
1097 0 4 0 2 3 4 0 6 0 2 1 2 3 3 0 5 
1139 0 4 1 2 0 4 0 6 0 1 0 2 0 4 0 4 
1153 2 4 2 2 0 4 2 5 3 3 2 2 0 2 0 3 
1503 0 0 2 2 4 4 2 2 4 4 2 2 3 3 3 3 
Total 53 113 37 66 30 102 15 129 44 109 40 69 33 124 11 143 
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Appendix E. Results ANOVA stature with the markers grouped together (0, 1, 2, and 3 markers present). 
 
 
ANOVA 
Stature 
 Sum of Squares df Mean Square F Sig. 
Between Groups 295,058 3 98,353 1,753 ,175 
Within Groups 1851,725 33 56,113   
Total 2146,783 36    
 
 
 
Descriptives 
Stature 
 N Mean Std. Deviation Std. Error 95% Confidence Interval for 
Mean 
Minimum Maximum 
Lower Bound Upper Bound 
No markers present 2 160,8300 12,20466 8,63000 51,1755 270,4845 152,20 169,46 
One marker present 16 167,9613 7,39969 1,84992 164,0182 171,9043 154,84 181,84 
Two markers present 15 163,4267 6,94239 1,79252 159,5821 167,2712 152,20 176,84 
Three markers present 4 170,4925 8,30028 4,15014 157,2849 183,7001 159,52 178,51 
Total 37 166,0111 7,72223 1,26953 163,4364 168,5858 152,20 181,84 
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Multiple Comparisons 
Dependent Variable: Stature  
 Tukey HSD 
(I) MarkersTogether0123 (J) MarkersTogether0123 Mean Difference 
(I-J) 
Std. Error Sig. 95% Confidence Interval 
Lower Bound Upper Bound 
No markers present 
One marker present -7,13125 5,61814 ,588 -22,3280 8,0655 
Two markers present -2,59667 5,63891 ,967 -17,8496 12,6563 
Three markers present -9,66250 6,48727 ,455 -27,2102 7,8852 
One marker present 
No markers present 7,13125 5,61814 ,588 -8,0655 22,3280 
Two markers present 4,53458 2,69219 ,348 -2,7477 11,8168 
Three markers present -2,53125 4,18751 ,930 -13,8583 8,7958 
Two markers present 
No markers present 2,59667 5,63891 ,967 -12,6563 17,8496 
One marker present -4,53458 2,69219 ,348 -11,8168 2,7477 
Three markers present -7,06583 4,21534 ,352 -18,4681 4,3364 
Three markers present 
No markers present 9,66250 6,48727 ,455 -7,8852 27,2102 
One marker present 2,53125 4,18751 ,930 -8,7958 13,8583 
Two markers present 7,06583 4,21534 ,352 -4,3364 18,4681 
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Homogeneous Subsets 
 
 
 
 
 
Stature 
Tukey HSD 
MarkersTogether0123 N Subset for alpha 
= 0.05 
1 
No markers present 2 160,8300 
Two markers present 15 163,4267 
One marker present 16 167,9613 
Three markers present 4 170,4925 
Sig.  ,229 
Means for groups in homogeneous subsets are 
displayed. 
a. Uses Harmonic Mean Sample Size = 4,550. 
b. The group sizes are unequal. The harmonic mean of 
the group sizes is used. Type I error levels are not 
guaranteed. 
